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COMPOSITIONS AND METHODS FOR DRUG DELIVERY 
USING pH SENSITIVE MOLECULES 



5 FIELD OF THE INVENTION 

This specification relates to the deliver of desired compounds (e.g., drags and 
nucleic acids) into cells using pM-sensitive delivery systems. The present invention provides 
compositions and methods for the delivery and release of a compound of interest to a cell. 

ft BACKGROUND OF THE INVENTION 

A variety of methods and routes of administration have been developed to deliver 
pharmaceuticals that include small molecular drags and biologically active compounds such 

15 as peptides, hormones, proteins, and enzymes to their site of action. Parenteral routes of 
administration include intravascular (intravenous, intraarterial), intramuscular, 
hitmp&nsnehyrnal, intradermal subdermal, subcutaneous, intratumor, intraperitoneal, and 
mtralyxnphatic injections that use a syringe and a needle or catheter. Hie blood circulatory 
system provides systemic spread of the pharmaceutical. Polyethylene glycol and other 

20 hydrophihc polymers have provided protection of the pharmaceutical in the blood stream by 
preventing its interaction with blood components and to increase the circulatory time of the 
pharmaceutical by preventing opsonization , phagocytosis and uptake by the 
reticuloendothelial system. For example, the enzyme adenosine deaminase has been 
covalently modified with polyethylene glycol to increase the circulatory time and persistence 

25 of this enzyme in the treatment of patients with adenosine deaminase deficiency . 

The controlled release of pharmaceuticals after their administration is under intensive 
development. Pharmaceuticals have also been eomplexed with a variety of biologically-labile 
polymers to delay their release from depots. These polymers have included copolymers of 
poiyOactic/glycoiic acid) (PLGA) (Jain, it. et ai. Drug Dev. lad. Pharm. 24, 703-727 (1998), 

30 ethyl vinyl acetate/poly vinyl alcohol (Metrikin, DC and Anand, R, Curr Opin Ophthalmol 5, 
21-29, 1994) as typical examples of biodegradable and non-riegradable sustained release 
systems respectively 

Transdermal routes of administration have been effected by patches and 
ionotophoresis. Other epithelial routes include oral, nasal, respirator, and vaginal routes of 
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administration. These routes have attracted particular interest for the delivery of peptides, 
proteins, hormones, and cytokines, which are typically administered by parenteral routes 
using needles. For example, die dive fin lin i ratory, oral, or nasal routes would 
be very attractive for patients with diabetes mellitus. For oral routes, die acidity of the 
5 stomach (pH less than 2) is avoided for pH-sensitive compounds by concealing peptidase- 
sensitive polypeptides inside pH-sensitive hydragel matrix (copolymers of 
polyethyleneglycol and polyacryiic acid). After passing low pH compartments of 
gastrointestinal tract such structures swells at higher pH releasing thus a bioactive compound 
(Lowraan AM et al J. Pharm. Sei. W, 933-937 (1999). Capsules have also been developed 
10 that release their contents within the small intestine based upon pH-depcndent solubility of a 
polymer. Copolymers of polymethacrylic acid f Eudiagit S, Rohm America) are known as 
polymers which are insoluble at lower pH but readily sotubilized at higher pH, so they are 
used as enteric coatings (Z Hu et al. 3. Drug Target., 7, 223, 1999), 

Biologically active molecules may be assisted by a reversible formation of eovafcnt 
l $ bonds. Quite often, it is found that the drug administered to a patient is not the acti ve form of 
die drug, but is what is a called a prodrug that changes into the actual biologically active 
compound upon interactions with specific enzymes inside die body. In particular, anticancer 
drugs are quite toxic and are administered as prodrugs which do not become active until they 
ebme in contact with the cancerous ceil (SezakL II, Takakura, Y ., Hasbida, M. Adv. Drug. 
20 Delivery Reviews 3, 193, 19*9), 

Recent studies have found that pH in solid tumors is 0.5 to 1 units lower than in 
normal tissue (Gerweck LE et al. Cancer Res. 56, 1 i 94 (3 996). Hence, the use of pH* 
sensitive polymers for tumor targeting is justified. However, this approach was demonstrated 
only in vitro (Bcrton, M, Eur. J. Pharm. Biopharm. 47, 1 19-23, 1999), 
25 Liposomes were also used as drag delivery vehicles for low molecular weight drugs 

and raacroraolecules such as amphotericin B for systemic fungal infectious and candidiasis. 
Inclusion of a»ti -cancer drugs such as adriaraycin have been developed to increase their 
delivery to tumors and reduce it to other tissue sites (e.g. heart) thereby decreasing their 
toxicity. pH-sensitive polymers have been used in conjunction with liposomes for the 
30 triggered release of an encapsulated drug . For example, hydrophobically-modifted N- 
isoprepylacryiamide-me&acryiic acid copolymer can render regular egg phosphatidyl 
ehloline liposomes pH-sensitive by pH-dependent interaction of grafted aliphatic chains with 
lipid bilayer (O Meyer et al., FEBS Lett., 421, $1, 1998). 
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introduced into a cell they would inactivate their specific target niRNA and reduce their 
disease-causing properties 

Several recessive genetic disorders are being considered for gene therapy. One of the 
first uses of gene therapy in humans has been used for the genetic deficiency of the adenosine 

5 deaminase (ADA) gene Other clinical gene therapy trials have been conducted for 
cystic fibrosis, familial hypercholesteremia caused by a defective LDL-reeeptar gene and 
partial ornithine transcarbomylase deficiency. Both indirect and direct gene therapy 
approaches are being developed for Duchenne muscular dystrophy. Patients with this type of 
muscular dystrophy eventually die from loss of their respiratory muscles. Direct approaches 

10 include the intramuscular injection of naked plasmid DNA or adenoviral vectors. 

A wide variety of gene therapy approaches for cancer are under investigation in 
animals and in human clinical trials. One approach is to express in iymphocyies and in the 
tumor cells, cytokine genes that stimulate the immune system to destroy the cancer cells, The 
cytokine genes would be transferred into the lymphocytes by removing the lymphocytes ftont 

15 the body and infecting them with a retroviral vector carrying the cytokine gene, The tumor 
ceils would be similarly genetically modified by this indirect approach to express cytokines 
withsB the tutnor. Direct approaches involving the expression of cytokines in tumor cells in\ 
situ arc also being considered. Other genes besides cytokines may be able to induce an 
immune tesponse against the cancer. One approach that has entered clinical trials is die direct 

20 injection of HLA-B7 gene (winch encodes a potent iramunogen) within lipid vesicles into 
malignant melanomas in order to induce a more effective immune response against the 
cancer. 

"Suicide" genes are genes that kill cells that express the gene For example, the 
diphtheria toxin gene directly kills cells. The Herpes thymidine kinase (TK) gene kills ceils in 

25 conjunction with acyclovir (a drug used to treat Herpes viral infections). Other gene therapy 
approaches take advantage of our knowledge of oncogenes and suppressor tumor genes- also 
known as anti-oneogenes. The loss of a functioning anti-oncogene plays a decisive role in 
childhood tumors such as retinoblastoma osteosarcoma and Wilms tumor and may play an 
important role in more common tumors such as lung, colon and breast cancer. Introduction of 

30 the normal anti -oncogene back into these tumor cells may convert diem back to normal ceils. 
The activation of oncogenes also plays an important role in the development of cancers. 
Since these oncogenes operate in a "dominant" fashion., treatment will require ioactivation of 
the abnormal oncogene. This can be done using either "anti-sense" or ribozyme methods that 
selectively inactivate a specific messenger RNA in a cell. 
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the body. Another approach for coronary vessel disease is to express a gene in the heart that 
produces a protein that causes new blood vessels to grow. This would increase collateral 
blood flow and prevent a myocardial infarction from occurring. 

Neurodegenerative disorders such as Parkinson's artel Akheimef s diseases arc good 
5 candidates for early attempts at gene therapy. Arthritis could also be treated by gene therapy 
Several proteins and their genes (such as She IL- 1 receptor antagonist protein) have recently 
been discovered to be anti-inflammatory. Expression of these genes in joint (synovial) fluid 
would decrease the joint inflammation and treat tire arthritis. 

In addition, methods are being developed to directly modify the sequence of target 
SO genes and chromosomal DN A. The deli very of a nucleic acid or other compound that 

modifies the genetic instruction (e.g. , by homologous recombination) can correct a mutated 
gene or mutate a functioning gene. 

Polymer? fo rjDmgand N ucleic Acid Deli very 

15 Polymers are used tor drug delivery for a variety of therapeutic purposes. Polymers 

have also been used in research, for die delivery of nucleic acids {polynucleotides and 
oligonucleotides) to cells with an eventual goal of providing therapeutic processes. Such 
processes have been termed gene therapy or am>sense therapy. One of the several methods 
of nucleic acid delivery to die cells is the use of DNA-poiycatson complexes. It has been 

20 shown that eatioaie proteins like histories and protamines or synthetic polymers like 

polyiysine, polyatginine, poIyoraiOune, DJEAE dextraa, polybrene, and polyethyleuimine 
may be effective intracellular delivery agents while small poly cations tike spermine are 
ineffective. The following are some important principles involving the mechanism by winch 
polycations facilitate uptake of DNA: 

25 Polycations provide attachment of DNA to the cell surface. The polymer forms a 

cross-bridge between die polyankmie nucleic acids and die poiyanionic surfaces of the cells. 
As a result the mam mechanism of DNA translocation to the intracellular space might be 
non-specific absorptive endocytosis which may be more effective then liquid endocytosis or 
receptor-mediated endocytosis. Furthermore, polycations are a convenient linker for attaching 

30 specific iigands to DNA and as result, DNA- polycation complexes can be targeted to 
specific cell types. 

Polycations protect DNA in complexes against nuclease degradation. This is 
important for both extra- and intracellular preservation of DNA. Gene expression is also 
enabled or increased by preventing endosome acidification with NH 4 Ci or chloroqaine. 
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Poiyetfeylenunine, which facilitates gene expression without additional treatments, probably 
disrupts endosomal function itsell Oisra ion oi ndo omal function lias, also been 
accomplished b> linking to the polycation endosoma! ii rap) . i zents such as fission 
peptides or adenoviruses. 

5 Polycations can also facilitate DNA condensation. The volume which one DMA 

molecule occupies in a complex with polycations is drastically lower than the volume of a 
free DNA molecule. The size of a DNA/poiymer complex ss probably critical for gene 
delivery in vivo. In terms of intravenous injection, DNA needs to cross the endothelial barrier 
and reach die parenchymal cells of interest. The largest endothelia fenestras (holes in the 

to endothelial barrier) occur in the liver and have an average diameter of 100 am. The trans- 
epithelial pores in other organs are much smaller, for example, muscle endothelium can be 
described as a structure which has a large number of small pores with a radius of 4 nm, and a 
very low number of large pores with a radius of 20-30 nm. The size of the DNA complexes is 
also important for the cellular uptake process. After binding to the cells the DNA- polycation 

15 complex should be taken up by endocytosis. Since the endocytie vesicles have a homogenous 
internal diameter of about 1 00 nm in hepatocytes and are of similar size in other cell types. 
DNA complexes smaller than 100 nm are preferred. 



20 A significant rami be r of multivalent cations with widely different molecular Structures 

hav e been shown to induce condensation of DN A. 

Two approaches for compacting (used herein as an equivalent to the term condensing ! 

DNA: 

I. Multivalent cations with a charge of three or higher have been shown to condense 
25 DNA. These include spermidine, spermine, Co(NHj} (; 5< ,Fe 3< , and natural or synthetic 
polymers such as histone HI, protamine, poly lysine, and polyethyienimme. Analysis has 
shown DNA condensation to be favored when 90% or more of the charges along the sugar- 
phosphate backbone are neutralized, 

2, Polymers (neutral or anionic} which can increase repulsion between DN A and its 
.v.* surroundings have been shown to compact DNA. Most significantly, spontaneous DNA self- 
assembly and aggregation process have been shown to result from the confinement of large 
amounts of DNA, due to excluded volume effect. 

Depending upon tk it r 1 \ ions; * 1 i tain types 
stractures: 
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1} In extremely dilute solution (about 1 pig/mX or below), long DNA molecules can 
undergo a monomoleeuiar collapse and form s&uctures described as toroid. 

2) In very dilute solution (about 10 jtg/mL) microaggregates form with short or long 
molecules m& remam in suspension. Toroids, rods and small aggregates can be seen in such 

5 solution. 

3) la dilute solution (about 1 mg/mL) large aggregates are formed that sediment 

readily. 

Toroids have been considered an attractive form for gene delivery because they have 

10 the smallest size. While the size of DNA toroids produced within single preparations has 
been shown to vary considerably, toroid size is unaffected by the length of DNA being 
condensed. DNA molecules from 400 bp to genomic length produce toroids similar m size. 
Therefore one toroid can include from one to several. DNA molecules. The kinetics of DNA 
collapse by poiyeations that resulted in toroids is very slow. For example DNA condensation 

IS by CoCNH.osCh needs 2 hours at room temperature. 

The mechanism of DNA condensation is not clear. The electrostatic force between 
unperturbed helices arises primarily from acountsrion fluctuation mechanism requiring 
multivalent cations and plays a major role in DN A condensation. The hydration forces 
predominate over electrostatic forces when the DNA helices approach closer then a few water 

20 diameters. In a case of DNA - polymeric polycation interactions, DNA condensation is a 
more complicated process than the case of low molecular weight poiyeations. Different 
poiycationic proteins can generate toroid and rod formation with different size DNA at a ratio 
of positive to negative charge of two to rive. T4 DNA complexes with polyarginine or hrstooe 
can form two types of structures; an elongated structure with a long axis length of about 350 

25 nm (like free DNA) and dense spherical particles. Both forms exist simultaneously in the 
same solution. The reason for the co-existence of the two forms can be explained as an 
uneven distribution of the polycation chains among the DNA molecules. The uneven 
distribution generates two thermodynamically favorable conformations.. 

Hie electrophorcric mobility of DNA -polycation complexes can change from 

30 negative to positive in excess of polycation It is likely thai large poiyeations don't 

completely align along DNA but form polymer loops that interact with other DNA molecules. 
Hie rapid aggregation and strong mtermolecular forces between different DNA molecules 
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may prevent the slow adjustment between helices needed to form tightly packed orderly 
particles. 

As previously stated, preparation of poiycatton-coudensed DNA particles is of 
particular importance for gene thi •. r> • cifK h particle delivery 'such 3$ the design 
5 of non-viral gene transfer vectors. Optimal transfection activity in vitro and in vivo can 
require an excess ofpolycation molecules However, the presence of a large excess of 
polycations may he toxic to ceils and tissues. Moreover, the non-specific binding of cationic 
particles to all cells forestalls cellular targeting. Positive charge also has an adverse influence 
on biodistributson of the complexes in vivo. 

10 

Several modifications of DNA-cation particles have been created to circumvent the 
nonspecific interactions of the DNA-cation particle and the toxicity of cationic particles 
Examples of these modifications include attachment of steric stabilisers, e.g. polyethylene 
glycol, which inhibit nonspecific interactions between the cation and biological polyanions. 

i 5 Another example is recharging the DNA particle by the additions of polyanions which 

interact with the cationic particle, thereby lowering its surface charge, i.e. recharging of the 
DNA particle U.S. 09/328.975. Another example is cross-linking the polymers and thereby 
caging ; the complex U.S. 08/778,657, US, 09/000,692, U.S. 97/24089, U.S. 09/070299, and 
U.S. 09/464,871 . Nucleic acid particles can be formed by the formation of chemical bonds 

20 and template polymerization U.S. 08/778,657, U.S. 09/000,692, U.S. 97/24089, U.S. 
09/070299. and U.S. 09/464,871. 

A problem with these modifications is that they are most likely irreversible rendering 
the particle unable to interact with the cell to be transacted, and/or incapable of escaping 
from the lysosome once taken into a ceil, and/or incapable of entering the nucleus once inside 

.25 tile ceil A method for formation of DNA particles that is reversible under conditions found 
in the cell may allow for effective delivers' of DNA. The conditions that cause the reversal of 
particle formation may he, but not limited to, the pH, ionic strength, oxidative or reductive 
conditions or agents, or enzymatic activity. 

30 Low molecular weight cations with valency, i.e. charge, < +3 fail to condense DNA in 

aqueous solutions under normal conditions. However, cationic molecules with the charge <H-3 
can he polymerized in the presence of DNA and the resulting polymers can canse DNA to 
condense into compact structures Such an approach is known in synthetic polymer chemistry 
as template polymenzation. Daring this process, monomers (which are initially weakly 
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( ' v i » ; t ti \ i ii t t f r i i tctnpla ra < her pron i 
* i i k electrostatic a < * i t polymer and ti i 

becomes stronger with chain growth of the polymer Tnibetskoy et al used two types of 
polymerization reactions to achieve DNA condensation: step polymerization and chain 
polymerization <VS Trubetskoy, VG Bndker, U Hanson, PM Shatura, JA Wolff, LE 
Hagstrom. Nucleic Acids Res. 26:4178-4185, 1998) U.S. 08/778,657, U.S. 09/000,692, U.S. 
97/24089, U.S 09/070299, and U.S. 09/464,871. Bts(2-amtnoethy!)-l ,3-propanediaroine 
(AEPD), a tetramine with 2.5 positive charges per molecule at pH 8 was polymerized, in the 
presence ofplasmid DNA using cteavabie disulfide ammo-reactive cross-linkers dithiobis 
(succhumidyl propionate) and dimethyl^^'-didiiohispropjonimidate. Both reactions yielded 
DNA/polymer complexes with significant retardation in agarose electrophoresis gels 
demonstrating significant binding and DNA condensation Treatment of die polymerized 
complexes with 100 inM dithtothreitol {DTT} resulted in the pDNA returning to its normal 
superceded position following electrophoresis proving thus cleavage the backbone of the. 
The template dependent polymerization process was also tested using a 14 mer peptide 
encoding the nuclear localizing signal (NLS) of SV40 T antigen (CGYGPKKKRKVGOC) as 
a catiotiic "macrornonomer". Other studies included pegyiated comonomer (PEG -AEPD) into 
the reaction mixture and resulted in "worm"-like stntetnres (as judged by transmission 
electron microscopy) that have previously been observed with DNA complexes formed from 
block co-polymers of polyiysioe and PEG ( MA Wolfert, EH Schacht, V Toncheva, K 
Ulbrich, O Nazarova, LW Seymour Human Gene Ther. 7:2 123-21 33, 1996). Blessing et al 
used histhtol derivative of spermine and reaction of thiol-disulfide exchange to promote chain 
growth. Tiie presence of DNA accelerated the polymerization reaction as measured the rate of 
disappearance of free thiols in die reaction mixture (T Blessing, JS Remy, JP Behr. J, Am. 
Cbsm. Soc. 120:8519-8520, 1998), 




The stability- of DNA nanoassemblies based on DNA condensation is generally low in 
vivo because they easily engage in poiyion exchange reactions with strong polyatiions. The 
process of exchange consists of two stages: }} rapid formation of a triple DNA-polycation- 
poiyanion complex, 2) slow substitution of one same-charge poiyion with another. At 
equiUbrium conditions, the whole process eventually results in formation of a new binary 
complex and an excess of a third poiyion. 'The presence of low molecular weight salt can 
greatly accelerate such exchange reactions, which often result in complete disassembly of 
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condensed DNA particles. Hence, u t? dessmbie to obtain more colloidaliy stable structures 

ta> ts cond tn i 1 - ssponding polycatiots 

independently of environment conditions. 

The complete DNA con k 1 1 atien of only 90% of the polymer's 

5 phosphates results in the presence of unpaired positive charges in the DNA particles, if the 
poiycation contains such reactive groups, such as primary amines, these unpaired positive 
charges may be modified. This modification allows practically limitless possibilities of 
modulating colloidal properties of DNA particles via chemical modifications of the complex, 
We have demonstrated the utility of such reactions using traditional DNA-poly-L-lysine 

to (DNA/PLL) system reacted with the cleavable cross-linking reagent dimethyl -3,3- 

dithiohjspropiommidate (DTBP) which reacts with primary amino groups with formation of 
amtdines { VS Trabetsfcoy, A Loorois, PM Slatmm, JE Hagstrom, VG Budker, JA Wolff. 
Btocoajugats Chem. 10:624.628, 1999) U.S. 08/778,657, U.S. 09/000,692, U.S. 97/24089, 
U.S. 09/070299, and U.S. 09/464,87 1 - Similar results were achieved with other polyeations 

15 including poiy(allylaniine) and histone H 1 . The use of another bifucntional reagent, 

ghitaraidehyde, has been described for stabilization of DNA complexes with cationic peptide 
CWK18 (RC Adam, KG Rice, J. Pharm. Sci. 739-746, 1 999). 

Recharging, 

20 The caging approach described above could lead to more colloidaliy stable DNA 

assemblies. However, this approach may not change the particle surface charge. Caging wife 
bi functional reagents, which preserve positive charge of amino group, keeps the particle 
positive. However, negative surface charge would be more desirable for many practical 
applications, i.e. in vivo delivery. The phenomenon of surface recharging is well known in 

25 colloid chemistry and is described in great detail for lyophobic/iyophiltc systems (for 

example, silver haiide hydrosois). Addition ofpolyion to a suspension of latex particles with 
oppositely-charged surface leads to the permanent absorption of this poSyion on fee surface 
and, upon reaching appropriate stoichioraetry. changing the surface charge to opposite one. 
This whole process is salt dependent with floceuiatien to occur upon reaching the 

30 neutralization point. 

We have demonstrated that similar layering of polyeieetroiytes can be achieved on the 
surface of DNA'polycation particles (VS Trubetskoy, A Loonris, IE Hagstrom, VG Budker, 
JA Wolff. Nucleic Acids Res. 27:3090-3095, 1999). The principal DNA-poiycation 
(DNA/pC) complex used in this study was DNA/PLL (1 ;3 charge ratio} formed in tow salt 25 
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biM HEPES buffer and recharged with i , as rheCNA 

particles were characterized after addition of a third poiyion component to a DNA/poiyoaioii 
complex using a new DMA condensation assay (VS Trubeiskoy, PM SlaSum, JEHagstrom, 
}A Wolff, VG Badker. Anal . Biochetn. 267:309-313, 1999) and static light scattering. It has 
been found that certain polyanions such as poiy(jnethacryjic acid) and poIy(aspame acid) 
deeondensed DNA in DNA/PLL complexes Surprisingly, polyanions of lower charge density 
such as suceiuylated PLL and poly{glutamic acid), even when added in 20-foM charge excess 
to condensing poiyeation (PLL) did not decondense DNA in DNA/PLL (1:3) complexes. 
Further studies have found that displacement effects are salt-dependent. In addition, poly-L- 
glutamic acid but not the relatively weaker pofyanion succinylated poly~L -lysine (SPLL) 
displaces DN A at higher sodium chloride concentrations. Measurement of ^-potential of 
.DNA/PLL particles during titration with SPLL revealed the change of particle surface charge 
at approximately the charge equivalency point. Thus, it can be concluded that addition of low 
charge density pGlyamon to die cationic DNA/PLL particles results in particle sarface charge 
reversal while mamtaining condensed DNA core intact. Finally, DNA/pQlycation complexes 
can be both recharged and crosslink®* or caged U.S. 08/778,657, U.S. 09/000,692, U.S. 
97/24089, U.S. 09/070299, and U.S. 09/464,871. 

Nucieic^ejiDcliwry 

After the landmark description of DOTMA (N-[l-{23-dioleyloxy)propyl|-N 5 N ; N- 
trimethylammonium chloride) [Feigner, V L. Gadek, T R, Holm, M, et ai Lipofection: a 
highly efficient, lipid-mediated DNA-transfection procedure. Proa Nail, Acad Set USA. 
1987;84:7413-74171, a plethora of canonic lipids have been synthesized. Basically, all the 
cationic lipids are amphtpathic compounds that contain a hydrophobic domain, a spacer, and 
positively-charged amine. The hydrophobic, domains are typically hydrocarbon chains such 
as fatty acids derived from oleic or myristic acid. The hydrocarbon chains are often joined 
either by ether or ester bonds to a spacer such as glycerol . Quaternary amines often compose 
the cationic groups. Usually, the cationic lipids are mixed with a fesogenic lipid such as 
DOPE (dioleoyl phosphatidyl ethanolamine) to .form liposomes. The mixtures are mixed in 
chloroform that is then dried. Water is added to the dried lipid film and unilamellar liposomes 
form durmg sonicaaon. Multilamellar cationic liposomes and cationic hposomes/DNA 
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complexes prepared by the reverse-phase evaporation me&od: have also been used for 
transfection. Cattomc liposomes have also been prepared by a« ethanol injection technique. 

Several cationic lipids contain 

a spermine group for binding to DNA. DOSPA, the cattomc lipid within the LipofectAMINE 

5 formulation (Life Technologies) contains a spermine linked via a amide bond and ethyl group 
to a trimethyl, quaternary amine fHawiey-Neison, P, Ciccarone, V and Jesses, J. 
Upofectamme reagent: A new, higher efficiency polyeatioaie lipo m 4 >« reagent 
Focus 1 993; 15:73-79], A French group has synthesized a series of eatioaic lipids such as 
DOGS (dioctadecylglycinespeaninc) that contain spermine [Remy, J-S, Striin, C, Vterting, P, 

10 et al. Gene transfer with a series of lipophilic DNA-bmding molecules. Bwconjugate Chem. 
1994;5:647-654], DNA has also been transacted by lipophilic poiyiysines which contain 
dipalmotoylsucciaylglyceroi dtemically-bonded to low molecular weight (-3000 MW) 
polylysme [Zhou, X, Kilbanov, A and Huang, L. Lipophihe poiyiysines mediate efficient 
DNA transection in mammalian ceils. Biochim. Biophys. Ada 1991;1065:8-14. Zhou, X and 

15 Huang, L. DNA transfection mediated by eatioaic liposomes containing lipopolylysine; 
Characterization and mechanism of action. Biochim. Biophys. Ada 1994;! 195-203] , 
Other studies have used adjuvants with the cattomc liposomes. Transfection 
efficiency into Cos ceils was increased when amphophilic peptides derived from influenza 
vires hemagglutinin were added to DO TM A/DOPE liposomes [Kamata, H, Yagisawa, H, 

20 Takahashi, S, et at. Amphiphiiic peptides enhance the efficiency of liposome-mediated DNA 
transfection. Nucleic Acid? Res. 1994;22:536-537], Cationic lipids have been combined with 
galactose Sigands for targeting to the hepatocyte asiaiogiycoprotein receptor [Remy, J-S, 
Kichier, A, Mordvinov, V, et ai. Targeted gene transfer into hepatoma cells with 
Ispopolyamine-condensed DNA parades presenting galactose (jgands; A stage toward 

25 artificial viruses. Pfoe. Natl. Acad Set USA 1995:92: 1744-1748] . Thiol-reaetive 

phospholipids have also been incorporated into cationic iipid/pDNA complexes to enable 
cellular binding even when the net charge of the complex is not positive [Kichier, A, Remy. 
J-S, Boussif, O, et al. Efficient gene delivery with neutral complexes of iipospermine and 
thiol-Hsactive phospholipids, Biochem. Biophys. Res. Comm. 1995;209:444-450]. DNA- 

30 dependent template process converted tnol-contaa ssiog high critical 

micelle concentration into duneric lipid-like molecule with apparently low water solubility. 

Catiomc liposomes may deliver DNA either directly across the plasma membrane or 
via the eadosome compartment. Regardless of its exact entry point, much of the DNA within 
cationic liposomes does accumulate in the endosome -compartment, Several approaches have 



14 



wo mmm 



PCT/US0W1SS5I 



been investigated to prevent loss of th, > iga DNA m the endosomal compartment by 
protecting it from hydroiytic digestion within the endosomes or enabling its escape from 
endosomes into the cytoplasm. They include the use of acidotropse (iysomofrophic), weak 
amines such as chloroqaiae that presumably prevent DNA degradation by inhibiting 
endosomal acidification fLegendre. J, & Szoka, F. Delivery of piasmid DNA into 
mammalian cell iines using pH-sensitive liposomes; Comparison with canonic liposomes. 
Pharmaceut. Res. % 1235-1242 (1992)]. Viral fusion peptides or whole vims have been 
included to disrupt endosomes or promote fusion of liposomes with endosomes, and facilitate 
release of DNA into the cytoplasm fKamata, R, Yagisawa, H, Tafcahashi, S. & Hirata, H. 
Amphophilic peptides enhance the efficiency of liposome -mediated DNA transection. 
Nucleic Acids Res. 21, 536-537 (1994). Wagner ( E, Cttriel, D. & Cotton, M, Delivery of 
drugs, proteins and genes into celis using transferrin as a ligand for receptor-mediated 
mdoQynam. Advanced Drtig Delivery Reviews 14, 113-135 (1994)]. 

Knowledge of lipid phases and membrane fusion has been used to design potentially 
more versatile liposomes that exploit the endosomal acidification to promote fusion with 
endosomal membranes. Such an approach is best exemplified by anionic, pH-sensitive 
liposomes that have been designed to destabilize or fuse with the endosome membrane at 
acidic pH (Duzgunes, N., Straubinger, R.M„ Baldwin, P A. & Papahadjopouios, D. PM~ 
sensitive liposomes, (eds Wiischub, I &Hoekstra, D.) p, 7B-730 (MamelDekerINC, 
1991)} AH of (be anionic, pH-sensitive liposomes have utilized phosphatidylethanolamme 
(PE) bilayers that are stabilized at non-acidic pH by the addition of lipids that contain a 
carboxylic acid group. Liposomes containing only PE are prone to tbe inverted hexagonal 
phase (Hfi). in pH-sensitive, anionic liposomes, the carboxylic acid's negative charge 
increases the size of the lipid head group at pH greater than the carboxylic acid's pK s and 
thereby stabilizes the phosphatidyletlianolamine bilayer. At acidic pH conditions found 
within endosomes, the uncharged or reduced charge species is unable to stabilize the 
phosphatidylethanolamine-rich bilayer Anionic, pH-sensitive liposomes have delivered a 
variety of membrane-impermeable compounds including DNA. However, the negative 
charge of these pH-sensitive liposomes prevents them from efficiently taking up DNA and 
interacting with cells; thus deea in heir utility for ira sfection We have described the use 
of cationic, pH-sensitive liposomes to mediate the efficient transfer of DMA into a variety of 
cells in culture U.S. 08/530,598, and O S 09/020,366, 
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Polymers that pH-sensitive arc have found broad application in the area of drug 
delivery exploiting various physiological arid intracellular pH gradients for the purpose of 
controlled release of drags (both low molecular weight and polymeric). pH sensitivity can be 
broadly defined as any change in polymer's physico-chemical properties over certain range of 
pH. More narrow definition demands significant changes in the polymer's ability to retain 
(release) a bioactive substance (dmg) in a physiologically tolerated pH range (usually pH 5.5 
- 8). pH-sensravify presumes the presence of tonizable groups w the polymer (polyion). All 
polyions can be divided into three categories based on their ability to donate or accept 
protons in aqueous solutions: polyacids. polybases and poiyamphoiytes. Use of pH-sensitive 
polyacids in drug delivery applications usually relics on their ability to become soluble with 
the pH increase < acid/salt conversion), to form complex with other polymers over change of 
pH or undergo significant, change in hydrophobicrrvv'hydrophiliciry balance. Combinations of 
all three above factors arc also possible. 

Copolymers of polymethacrylic acid (Eudragit S s Rohm America) are known as 
polymers which are insoluble at lower pH but readily solubilized at higher pH, so they are 
used as enteric coatings designed to dissolve at higher intestinal pH {Z Hu et at. I Dmg 
Target., ?, 223, 1999). A typical example of pH-dependent complexation is copolymers of 
polyaciylate(grafi)ethyie«eglycol which can be formulated into various pH-sensitive 
hydrogels which exhibit pH-dependent swelling and dmg release (F Madsen et al, 
Biomaterials, 20, 170L 1999). Hydrophobicaily-modified N-isopmpyiaeryJamide- 
methacrylic acid copolymer can render regular egg PC liposomes pH-sensmve by pH- 
dependent interaction of grafted aliphatic chains with lipid bilayer (O Meyer et al., FEBS 
Lett,, 421, 61, 1998). Polymers with pH-mediated hydrophobicity (iikepoiyethySacryiic acid) 
can be used as endosomal disrupters for cytoplasmic drug deiiveiy (Murthy, N,. Robichaud, 
J.R., Tirrell, DA., Stayion, P.S., Hoffman, A.S. J. Controlled Release 61, 137, 1999). 

Polybases have found broad applications as agents for nucleic acid deli ver.- m 
transfection/gene therapy applications due to the fact they are readily interact with polyacids 
A typical example is polyethyleneimine (PEi). This polymer secures nucleic acid electrostatic 
adsorption on the ceil surface followed by endocytosis of the whole complex. Cytoplasmic 
release of the nucleic acid occurs presumably via the so called "proton sponge " effect 
according to which pH-sensitivity of PEI is responsible for eadosome rapture due to osmotic 
swelling during its acidification (0 Boussif et al. Proc. Natl. Acad. Sci, USA 92, 7297, 1995). 
Canonic acryiates possess the similar activity (for example, poly-({2-d!methylamino)etlnl 
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msthaeryiate) (P van de Weteriag et al J. Controlled Release 64, 193, 2000). However, 
poiybases due to their polycationic nature pB-sensittve poiybases have not found broad in 
vivo application so far, due to their acute systemse toxicity in vivo (JH Senior, Biochira. 
Biophys. Acta, $070, 173, 1991). Milder polybases (for example, Imear FBI) ate better 
5 tolerated and can be used systemically for m vivo gene transfer (D Goula et al. Gene Therapy 
5, 712, 1998). 

Many biologically active compounds, in particular large and/or charged compounds, are 

10 incapable of crossing biological membranes. In order for these compounds to enter cells, the 
cells must either take them up by endocytosis, mto endosomes, or ■mere must be a disruption 
of the cellular membrane to allow the compound to cross. In the case of endosomal entry, die 
endosomal membrane mast be disrupted to allow for the entrance of the compound in the 
interior of the cell Therefore, either entry pathway into the ceil requires a disruption of the 

IS cellular membrane. There exist compounds termed membrane active compounds that disrupt 
membranes. One cart imagine that if the membrane active agent were operative in; a certain 
time and place it would facilitate the transport of die biologically active compound across the 
biological membrane. The cental! of when and where the membrane active compound is 
active is crucial to effective transport. If the membrane active compound is too active or 

20 active at the wrong time, then no transport occurs or transport is associated with cell rupture 
and thereby cell death. Nature has evolved various strategies to allow for membrane 
transport of biologically active compounds including membrane fusion and the use 
membrane active compounds whose activity is modulated such tiiat activity assists transport 
without toxicity. Many lipid-based transport formulations rely on membrane fusion and 

25 some membrane active peptides' activities arc modulated by pH, In particular, viral coat 
proteins are often pH-sensitive, inactive at neutral or basic pH and active under the acidic 
conditions found in the endosome. 

SmJiMolcMa^ 

30 A cellular transport step that has attracted attention for gene transfer is that of DNA 

release from intracellular compartments such as endosomes (early and late), lysosomes, 
phagosomes, vesicle, endoplasmic reticulum, golgj apparatus, trans gelgi network (TGN), 
and sarcoplasmic reticulum 'Release includes movement out of an intracellular compartment 
mto cytoplasm or into an organelle such as the nucleus. A number of chemicals such as 
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cMoroquine, bafiiomycin or Brefeldin A ; have been used to disrupt or modify the trafficking 
of molecules through intracellular pathv. a^^ C ..,'>, ^ at« m of the 

eiuiosomal and lysosomal compartment bat also affects other sllular fat k >s Biefeldin A, 
an isoprenoid fungal metabolite, collapses reversibiy the Golgi apparatus into the 
5 endoplasmic reticulum and the early endosoraai compartment, into the trans-Golgi network 
(TON) to form tubules, Bafitemycin A}, a roactolide antibiotic is a more specific inhibitor of 
endosomaS acidification and vacuolar type HwVTPase titan chloroqnine. 

jo aj^mJgaajgk^.^.l'gptide? for Disruption of Endogomeg ^EMs^m^MftMi 

Viruses such as adenovirus have been used to induce gene release from endesomes or 
other intracellular compartments (D. Curiei, Agaraai, S., Wagner, £,, and Cotten, M, FNAS 
88:8850, 1991). Rhinovirus has also been used fortius purpose (W. Zauneretai. Jf. Virology 
69:1085-92, 1995). Viral components such as influenza vims hemagglutinin subunit HA-2 

IS analogs has also been used to induce endosomal release (E: Wagner et al PNAS 89:7934, 
1992). Amphipathk peptides resembling the N-terminal HA-2 sequence has been studied (K. 
Mechtier and E, Wagner, New J. Chem. 21: 105-1 1 1, 1997). Parts of the pseudonmonas 
exotoxin and diptheria toxin have also been used for drug delivery (I. fasten and 0. 
FitzGeraid. 3. Biol. Chem. 264:15157, 1989). 

20 A variety of syntheoc ampbipathic peptides have been used to enhance traasfectton of 

genes (N. Ohraori etaJ. Biochem. Biophys. Res. Conumm. 235:726, 1997). The £R-retaining 
signal (KDEL sequence) has been proposed to enhance delivery to the endoplasmic reticulum 
and prevent delivery to h sosomes (S. Seematam et ah I Biol Chem. 266: 17376, 1991). 

Hie present invention provides for anew group of membrane active compounds that 

25 cats enhance the delivers' of nucleic acids. 

<2tkLjMklar and intracellular Qr^tofel^ii?r. Delivery: 

Nucleic acid and gene delivery- may involve the biological pH gradient that is active 
within organisms as a factor in delivering a polynucleotide to a cell. Different pathways that 
30 may be affected by the pH gradient include cellular transport mechanisms, endosomal 

disruptsosi/breakdowii. and panicle disassembly (release of the DNA). Other gradients that 
can be useful m gene therapy research involve ionic gradients that are related to cells. For 
example, both fsa' and K have large coiKenoation gradients that exist aeross the ceil 
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molecules and large macromoiecnles. For example methyl aScobol is a liquid capable of 
hydrogen bonding with water, which confers the compound with water solubility, in 
contrast conversion of the alcohol functional group to a methyl ether to form dimethyl ether 
renders the molecule in to a water insoluble gas. Many other examples may be observed in 

5 small molecular weight drug-receptor interactions. DNA interacts with the polycattoo poly- 
L-lysine to form condensed DNA particles. If the amino groups of poiy-L-lysme are 
converted to carhoxyiate groups as in sucemyiated poly~L~lysine there is no interaction with 
the polyanion DNA, The identities of the functional groups on a molecule dictate its 
interactions with other molecules. Therefore, the ability to control the identity of the function 

10 groups on a molecule allows one to control its interactions. As a consequence, controlled and 
reversible functional group modification is important if one want to modulate a molecule's 
interactions This control is of particular importance when the molecule in question is 
biologically active. For example, one may not want to administer cytotoxic drugs directly. 
In this case, one may administer a prodrug that is itself inactive, but becomes active by 

5 s change! s) in functional group(s) after delivery. 

Prior to the present invention, deliver}" systems suffered from slow reversibility -or 
irreversibility- aad/or high toxicity. For example, many eationic polymers such as poly-I,~ 
lysine (PLL) and polycihyJeromine (PE1) form positively charged condensed particles with 
DNA. In vitro, these particles are relatively good reagents, compared to DNA alone, for the 

20 transfer of DNA into ceils. However, these particles are poor transfer reagents in vivo due to 
their toxicity and relatively stable interaction with DNA, which renders their coraplexation 
irreversible under physiological conditions. There arc several barriers that these complexes 
must overcome for them to he efficient gene transfer reagents: stable enough to protect die 
DNA from nucleases and aid in delivery to the cell, yet the DNA polycattoo complex must be 

25 dismpted-thereby allowing transcription to occur. Additionally, if the complex is taken into 
die cell through the process of endocytosis, She complex must escape the endosome before 
being taken into the lysosome and being digested. 

To increase the stability of DNA particles in serum, certain embodiments of the 
present invention provide polyanions that form a third layer in the DNA-polycation complex 

30 and it is negatively charged. To assist in the disruption of die DNA complexes, certain 
embodiments of the present invention provide synthesized polymers that are cleaved in the 
acid conditions found in the endosome 0.*?., pH 5-7). For example, ihe present invention 
provides for the cleavage or alteration of a labile chemical group once the. complex is in. the 
desired environment; cleavage of the polymer backbone , » i smaller poly ions or 
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functional group with an activity blocking addition (defined as "Compounds or Chemical 
Moieties that Inhibit or Block the Membrane Activity of Another Compound or Chemical 
Moiety*'. When the blocking addition reaches an environment or an adjunct is added the 
reversible modification is reversed and the membrane active agent will regain activity. 

5 In some embodiments the biologically active compound is reversibly modified, or 

completed with, an interaction modifier such that the interactions between die biologically 
active molecule and its environs, that is its interactions with itself and other molecules, is 
altered when die interaction modifier is released. For example attachment of such nonionie 
hydrophilic groups such as polyethylene glycol and polysaccharides (e.g. starch) may 

1 o dec rease self-association and interactions with other molecules such as serum compounds and 
cellular membranes, which may be necessary fortransport of the biologically active molecule 
to the cell However these molecules may inhibit cellular uptake and therefore, must be lost 
before cellular uptake can occur. Likewise, ceil targeting iigands aid in transport to a cell but 
may not be necessary, and may inhibit, transport into a cell. In all of these cases, the 

15 reversible attachment of the interaction modifier, through a labile bond, would be beneficial, 
The present invention provides for the transfer of poivTmcleondes, and other 
biologically acti ve compounds into cells in culture (also known as in vitm"). Compounds m 
kits for the transfection of cells in culture is commonly sold as "transfection reagents'' or 
iransfection kits". The pre sent invention also provides for the transfer of polynucleotides, 

20 and biologically active compounds into cells within tissues in situ and in vivo, and delivered 
intravascular)' (U.S. patent application serial number 08/571,536), iritrarisrialiy, intravenous, 
orally intradnodeaaly, via the jejunum (or ileum or colon), rectaliy, transdermaily, 
subcutaneously, intramuscularly, intraperitonealiy, mtraparemerally, via direct injections into 
tissues such as the liver, lung, heart, muscle, spleen, pancreas, brain (including 

25 intraventricular), spinal cord, ganglion, lymph nodes, lymphatic system, adipose tissues, 

thryoid tissue, adrenal glands, kidneys, prostate, blood cells, bone marrow cells, cancer cells, 
tumors, eye retina, via the bile duct, or via mucosal membranes such as in the mouth, nose, 
throat, vagina or rectum or into ducts of the salivary or other exocrine glands. Compounds for 
the transfection of cells in vivo in a whole organism can be sold as "in vivo transaction 

30 reagents" or "in vivo transfection kits" or as a phamiaceutieal for gene therapy 



The present invention provides a wide vanetv of pot - „ ups that find 

use in the delivery systems of the present invention. The labile groups are selected such mat 
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they undergo a chemical transformation (e.g cieavag< whei prese t .« s> : .-Noiogieai 

rulitio flie chemical tra btxnatioi w 1 dtiated I A.- addition of a compound to 
the cell or may occur spontaneously when introduced into mtra-and/or extra-cellular 
environments (e.g., the lower pH condi tions of an endosome or the extracellular space 

5 surrounding tumors). The conditions under which a labile group will undergo transformation 
can be controlled by altering the chemical constituents of the molecule containing the labile 
group . For example, addition of particular chemical moieties (e.g., electron acceptors or 
donors) near the labile group can effect the particular conditions (e.g., pH) under which 
chemical transformation will occur. 

10 in certain embodiments, the present invention provides compound delivery systems 

composed of polymers (e.g., cstionic polymers, anionic polymers, zwitterionic and noniomc 
polymers) that contain pH-labile groups The systems are relatively chemically stable until 
they are introduced into acidic conditions that render them unstable (labile). An aqueous 
solution is acidic when the concentration of protons (H ! ) exceed the concentration of 

IS hydroxide (OH). Upon delivery to the desired location, die labile group undergoes an acid- 
catalyzed chemical transformation resulting in release of the delivered compound or a 
complex of the delivered compound. The pH-labite bond may either be in the main-chain Or 
in the side chain. If the pH-labile bond occurs in the main chain, then cleavage of the labile 
bond results in a decrease in polymer length. If me pH-labile bond occurs in the side chain, 

20 then cleavage of the labile bond results in loss of side chain atoms from the polymer. 

In some preferred embodiments of die present invention, nucleic acids are delivered 
to ceils by a polymer complex containing a labile group, or groups, diat undergoes chemical 
transformation when exposed to the low pH environment of an endosome . Such complexes 
provide improved nucleic acid delivery systems, as they provide for efficient delivery and 

25 low toxicity. 

I \ r >;;J,onu.u S,-\eu tfembnu \ tjvi Corno ' ld§ 

The present invention specifies polymers containing more than two membrane active 
compounds. In one embodiment, the membrane active compounds are grafted onto a 
30 preformed polymer to form a comb-type polymer, i.e. a polymer containing side chain 

groups In another embodiment, the membrane active compounds are incorporated into the 
polymer by chain or step polymerization processes To aid in complexation between DMA 
and membrane active compounds and/or to augment the membrane activity of membrane 
active agents, certain embodiments of the present invention have polymers composed of 
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monomers that are themselves membrane active. Ihese polymers are formed by attaching a 
membrane active compound to a preformed polymer or by polymerization of membrane 
active monomers. 

5 Membrane Active CommMdlConteming Ubile Bonds 

The inclusion of labile bonds into membrane active compounds increases their 
versatility in a number of ways. It can reduce their toxicity by enabling their membrane 
activity to be expressed in specific tissues such as tumors and inflamed joints, specific sub- 
cellular locations such as endosomes and lysosomes, or under specific conditions such as a 

SO reducing environment. In one embodiment of the invention, the labile bonds are pH-sensitive 
in that the bonds break or are cleaved when pH of their mieroenvironment drops below 
physiologic pH of 7.4 or below pH of 6.5 or below pH of 5.5. in another embodiment the 
labile bonds are very- pH-sensitive. In yet another embodiment the labile bonds are disulfides 
that are labile under physiologic conditions or that are cleaved by the addition of an 

15 exogenous reducing agent. In other embodiments, the labile bonds are acetals, ketals, enoi 
ethers, end esters, amides of 2,3-disubstituted maleamic acid, indues, imminifims, diamines, 
silyl ethers, and siiyi enol ethers. 

The invention also includes compounds mat are of the general statute; A-B-C 
wherein A is a memfaraae active compound, B is a labile ifciksge- and C is a compound that 

20 inhibits the membrane activity of compound A. Upon cleavage of B, membrane activity is 
restored to compound A, This cleavage oceans in certain tissue, organ, and sab-cellular 
locations that are controlled by the mieroenvironment of the location and also by the addition 
of exogenous agents. In another embodiment the invention includes compositions containing 
biologically active compounds and compounds of the general structure : A-B-C wherein 

25 A is a membrane active compound, B is a labile linkage, and C is a compound that inhibits 
the- membrane activity of compound A. The biologically -active compounds include 
pharmaceutical drugs, nucleic acids and genes. In yet another embodiment, these compounds 
that are of the general saructure* A-B-C wherein A is a membrane active compound, B is a 
labile linkage, and C is a compound that inhibits the membrane activity of compound A- are 

30 used to deliver biologically acti ve compounds that include pharmaceutical drugs, nucleic 
acids and genes In one specific embodiment, these A-B-C compounds are used to deliver 
nucleic acids and genes to muscle (skeletal, heart, respiratory, striated, and non-striated}, liver 
{hepatocytesX spleen, immune cells, gastrointestinal cells, cells of the nervous system 
(neurons, glial, and microglial), skin ceils (dermis and epidermis), joint and synovial cells, 
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To facilitate an understanding of the present invention, a number of terms and phrases 
are defined below: 

Biologically active compound 

A biologically active compound is a compound having the potential to react with 
5 biological components. More particularly, biologically active compounds utilized hi this 
specification are designed to change the natural processes associated with a living cell For 
purposes of this specification, a cellular natural process is a process that is associated with a 
cell before delivery of a biologically acti ve compound. In this specification, the cellular 
production of, or inhibition of a material , such as a protein, caused by a human assisting a 
10 molecule to ait in vivo cell is an example of a delivered biologically active compound. 
Pharmaceuticals, proteins, peptides, polypeptides, enzyme inhibitors, hormones, cytokines, 
antigens, viruses, oligonucleotides, enzymes and nucleic acids are examples of biologically 
active compounds. 

Peptide and polypeptide refer to a series of amino acid resi dues, more than two, 
IS connected to one another by amide bonds between the beta or alpha-am ino group and 
carboxyl group of contiguous amino acid residues. The amino acids may be naturally 
occurring or synthetic. Polypeptide includes proteins and peptides, modified proteins and 
peptides, and non-natural proteins and peptides. Enzymes are proteins evolved by the cells of 
living organisms for the specific function of catalyzing chemical reactions. A chemical 
20 reaction is defined as the formation or cleavage of covalent or ionic bonds, Bioactive 

compounds may be used interchangeably with biologically active compound for purposes of 
this application. 

Delivery of Biologically active compound 

25 The deliver*.' of a biologically active compound is commonly known as "drug delivery" 

"Delivered" means that the biologically active compound becomes associated with the cell or 
organism. The compound can be m the circulatory system, intravesseL extracellular, on the 
membrane of the cell or inside the cytoplasm, nucleus, or other organelle of the cell. 

Parenteral routes of administration include intravascular (intravenous, intraarterial), 

30 intramuscular, intraparenchynial, intradermal, suhdermal, subcutaneous, intrattimor, 
intraperitoneal, intrathecal subdural epidural, and intralyrophafic injections that use a 
syringe and a needle or catheter. An intmvascular route of administration enables a polymer 
or polynucleotide to be delivered to ceils more evenly distributed and more efficiently 
expressed than direct injections. Intravascular herein means within a tubular structure called a 
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vessel that is connected to a tissue or organ within the body. Within the cavity of the tubular 
structure a bodily fluid flows to or from the body part. Examples of bodily fluid include 
blood cerebrospinal fluid (CSF), lymphatic fluid, or bile. Examples of vessels include 
arteries, arterioles, capillaries, venules, sinusoids, veins, lymphatics, and bile ducts. The 

5 intravascular route includes delivery through the blood vessels such as an artery or a vein. An 
administration route involving die mucosal membranes rs meant to include nasal, bronchial, 
inhalation into the lungs, or via the eyes. Other routes of administration include 
intrapaienchymal into tissues such as muscle (intramuscular), liver, brain, and kidney. 
Transdermal routes of administration have been effected by patches and ionotophoresis. 

10 Other epithelial routes include oral, nasal, respiratory, and vaginal routes of administration. 
Delivery System 

Delivery system is the means by which a biologically active compound becomes 
delivered. That is ail compounds, including the biologically active compound itself, that are 
required for delivery and ail procedures required for delivery including the form (such 
! S volume and phase (solid, liquid, or gas}) and method of administration {such as but not 
limited to oral or subcutaneous methods of delivery), 

Nucleic Acid 

The term "nucleic acid" is a term of art that refers to a polymer containing at least two 
nucleotides. "Nucleotides" contain a sugar deoxyribose (DNA) or ribose (RNA), a base, and a 

2ii phosphate group. Nucleotides are linked together through the phosphate groups, "Bases" 

include purines and pyrimidines, which further include natural compounds adenine, thymine, 
guanine, cytosine, uracil, inosine, and natural analogs, and synthetic derivatives of purines 
and pyrimidines, which include, but are not limited to, modifications which place new 
reactive groups such as, but not limited to, amines, alcohols, thiols, carboxviates, and 

25 aikylhaiidcs. Nucleotides are the raonomeric units of nucleic acid polymers, A 

"polynucleotide" is distinguished here from an "oligonucleotide" by containing more than 80 
monomelic units; oligonucleotides contain from 2 to m nucleotides. The terns nuclei acid 
includes deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). Hie terra encompasses 
sequences that include any of the known base analogs of DNA and RNA including, but not 

30 limited to, 4~acetylcytosine, 84iyoroxy-N6-methyladenosine. aziridinylcytosine, 

pseudojsocytosine, 5-(carhoxyhydroxy!methyl) uracil, 3-fiuorouracil, 5-bromouracil, 5~ 
eareox>t))e%laniinaraethyl-2-thiouraeiL 5-carl>oxvmethyiaminometfayl'iaacil s dihydrouracil, 
inosine, N6-isopentenyladenine, i -metliyladearae. 1 -moths IpseudouradL 1 -methylguanine, 
i-me&yiinosine, 2,2-dimethylgHanine. 2-metbyladenine, 2 -methylguanine, 3-roemyicytosiae, 
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5-methylcytosme, N6-memyladenine, 7-meaiyiguanine, 5-methyiaminomethylaracil 5> 
raethoxyaminomethyi-2-tiuouraeil beta-B-mamipsylqueosine, 

S'-methoxycarbonylmemyhmicil 5-methoxyuracil, 2-memylmio-N6-isopentenyladenine, 
umcil-S-oxyacetic acid raethylester, uracil-S-oxyacetic acid, oxybutoscosine, pseudoaracil, 

5 queosine. 2-thioeytosine, 5-methyl-2-tmouracil, 2-thiouracil, 4-thiouracil, 5~methyluracii, N~ 
uraeii-S-oxyacetie acid mefhylester, uracil-5-oxyacetic acid, pseudonracil queosine, 2- 
thiocytosine, and 2.6-diaminopurine. 

DNA may be in die form of anti-sense, plasmid DNA, parts of a plastnid DNA, 
pmduct of a polymerase chain reaction (PCR), vectors (PI, PAC, BAC, YAC, artificial 

10 chromosomes), expression cassettes, chimeric sequences, chromosomal 'DNA, or derivatives 
of these groups. RNA may be in the form of oligonucleotide RNA, tRNA (transfer UNA), 
snRNA (small nuclear RNA), rRN A (rihosomal RNA), mRNA (messenger RNA), anti-sense 
RNA, ribozymes, chimeric sequences, or derivatives of these groups. 

"Anti-sense" is a polynucleotide that interferes with the function of DNA and/dr 

15 RNA, This may result in suppression of expression. Natural nucleic acids have a phosphate 
backbone, artificial nucleic acids may contain other types of backbones and bases, ■'■These, 
include PNAs (peptide nucleic acids), phosphothionates, and other variants of the phosphate 
backbone of native nucleic acids, to addition, DNA and RNA may be single, double, triple, 
or quadruple stranded, 

30 The term "recombinant DNA molecule" as used herein refers to a DNA molecule (hat 

Ss comprised of segments of DN A joined together by means of molecular biological 
techniques "Expression cassette" refers to a natural or recombinantiy produced 
polynucleotide molecule mat is capable of expressing protem(s). A DNA expression cassette 
typically includes a promoter (allowing transcription initiation), and a sequence encoding one 

25 or more proteins. Optionally, die expression cassette may include transcriptional enhancers, 
non-coding sequences, splicing signals, transcription termination signals, and 
polyadenylation signals. An RNA expression cassette typically includes a translation 
initiation codon (allowing translation initiation), and a. sequence encoding one or more 
proteitis. Optionally, the expression cassette may include translation termination signals, a 

30 polyadenosine sequence, internal ribosome entry sites ORES), and non-coding sequences. 
A nucleic acid can be used to modify the genomic or extrachromosomal DNA 
sequences. This can be achieved by delivering a nucleic acid that is expressed. Alternatively, 
the nucleic acid can effect a change in the DNA or RNA sequence of the target cell litis can 
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The polynucleotide could be used to produce a change in a cell that can be therapeutic. The 
delivery of polynucleotides or genetic materia! for therapeutic and research purposes is 
commonly called "gene therapy". The delivery of nucleic acid can lead to modification of the 
DNA sequence of the target cell. 

5 The polynucleotides or genetic material being delivered are generally mixed with 

transaction reagents prior to delivery. Hie term "transduction" as used herein refers to the 
introduction of foreign DNA mto eukaryoue cells. Transfection may be accomplished by a 
variety of means known to die art including calcium phosphate-DNA eo-preeipifation, 
DEAE-dextran -mediated transfection, polyhrene-mediated transfection, ekctroporation,, 

10 microinjection, liposome fusion, lipofection, protoplast fusion, retroviral infection, and 
biolistics. 

The term "stable transfection" or "stably transfeeted" refers to the introduction and 
integration of foreign DNA mto fee genome of the transfeeted cell. The term "stable 
transfectant" refers to a cell that has irreversibly integrated foreign DNA into the genomic 
!5 DNA. 

The term "transient transfection" or "transiently transfeeted" refers to die introduction 
of foreign DNA into a cell where the foreign DNA fails to integrate into the genome of the 
transfeeted cell The foreign DNA persists in the nucleus of the transfeeted cell for several 
days. During this rime the foreign DNA is subject to the regulatory controls that govern the 
20 expression of endogenous genes in the chromosomes. The term "transient transfectant" refers 
to ceils that have taken up foreign DNA but have failed to integrate this DNA. The term 
"naked polynucleotides" indicates that fee polynucleotides are not associated with a 
transfection reagent or other delivery vehicle that is required for the polynucleotide to be 
delivered to a cell 

25 A "transfectioii reagent " or "delivery vehicle" is a compound or compounds feat 

bind(s) to or completes) with oligonucleotides, polynucleotides, or other desired compounds 
and mediates their entry into cells. Examples of transfection reagents include, but are not 
binned to. canonic liposomes and lipids, polyarchies, calcium phosphate precipitates, histone 
proteins, poiyefeylerunune, and polytysme complexes (polyethyienimine and poiyiysine are 

30 both toxic). Typically, when used for fee delivery of nucleic acids, the transfection reagent 
has a net positive charge that binds to the polynucleotide's negative charge. For example, 
canonic liposomes or pel} h sine corapi cs have net postt) \ e charges feat enable them to 
bind to DNA or UNA 
Enzyme 
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of opposite chaise. 

Charge, Polarity, and Sign 

The charge, polarity, or sign of a compound refers to whether or not a compound has 
lost one or more electrons (positive charge, polarity, or sign) or gained one or more electrons 
(negative charge, polarity, or sign). 

Cell Targeting Signals 

Cell targeting signal (or abbreviated as the Signal) is defined in this specification as a 
molecule that modifies a biologically active compounds such as drag or nucleic acid and can 
direct it to a cell location (such as tissue) or location in a cell (such as the nucleus) either in 
culture or in a whole organism. By modifying the cellular or tissue location of the foreign 
gene, the function of the biologically active compound can he enhanced. 

The cell targeting signal can he a protein, peptide, lipid, steroid, sugar, carbohydrate, 
(non-expressing) polynucleic acid or synthetic compound. The cell targeting signal enhances 
cellular binding to receptors, cytoplasmic transport to the nucleus and nuclear entry or release 
from endosoines or other intracellular vesicles. 

Nuclear localizing signals enhance the targeting of the pharmaceutical into proximity 
of the nucleus and/or its entry into the nucleus. Such nuclear transport signals can be a 
protein or a peptide such as the SV40 large T ag NLS or the nucleoplasms MLS. These 
nuclear localizing signals interact wife a variety of nuclear transport factors such as the NLS 
receptor (karyopherin alpha) which then interacts with karyopherin beta. The nuclear 
transport proteins themselves could also function as NLS's since they are targeted to the 
nuclear pore and nucleus. For example, karyopherin beta itself could target the DNA to the 
nuclear pore complex. Several peptides have been derived from the SV 40 T antigen. These 
include a short NLS (H-CGYGPKKKRKVGO-OH) or long NLS's <H- 
CKKKSSSDDEATADSQHS1TPKKKRKVEDPKDFPSELLS-OH and H- 
CKKKWDDEATADSQHSTPPKKjKRKVEDPKDFPSELLS-OH). Other NLS peptides have 
been derived from M9 protein {CYNDFGNYNNQSSNFGPMKQCiNFGCRSSGPY). El A 
(H-CKRGPKRPRP-OH), nudeoplasmin {H-CKKAVKRPAATKKAGQAKKKKl..-OH),and 
c-myc (H-CKKKGPAAKRVKLLD-OH). 

Signals that enhance release from intracellular compartme- 5 (t lea »: i« signals.) can 
cause DNA release from intracellular compartments such as endosomes (early and late), 
lysosomes, phagosomes, vesicle, endoplasmic reticulum, gotgi apparatus, trans golgi network 
{TGN mc] areoplasmt encui m Rek s „\ides movement out of an intracellular 
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Linkages 

An attachment that provides a covaient bond or spacer between two other groups 
(chemical moieties). The linkage may be electronically neutral, or may bear a positive or 
negative charge. Hie chemical moieties can be hydrophiisc or hydrophobic. Preferred spacer 
groups include, but are not limited to C1-C12 alkyL C1-C12 aikeoyl, C1-C12 aikynyl, C6- 
C18 aralkyi, C6-C18 aialkeayl, Cb-CiS araikynyl, ester, ether, ketone, alcohol, polyoi, 
amide, amine, poiygiycoi, polyethsr, poiyamine, thiol, thio ether, thioester, phosphorous 
coirtaming, and heterocyclic. 

Bit unction ai 

Bifttnctional molecules, commonly referred to as erossimkers, are used to connect two 
molecules together, i.e. form a linkage between two molecules. Bifuncttonal molecules can 
contain homo or heterobifenctionality. 

Crosshnking 

Crosslmking refers to the chemical attachment of two or more molecules with a 
bitimctional recent. A bifunctkmal reagent is a molecule with two reactive ends. The 
reactive ends can be identical as in a homobiftmctional molecule, or different as in a 
heterobifunctional molecule. 

Labile Bond 

A labile bond is a covaient bond that is capable of being selectively broken. That is, 
the labile bond may be broken in the presence of othe r covaient bonds without the breakage 
of other covaient bonds. For example, a disulfide bond is capable of being broken in the 
presence of thiols without cleavage of any other bonds, such as carbon-carbon, carbon- 
oxygen, carbon-sulfur carbon-nitrogen bonds, which may also be present in the molecule. 

Labile Linkage 

A labile linkage is a chemical compound that contains a labile bond and provides a 
link or spacer between two other groups. The groups thai are Linked may be chosen from 
compounds such as biologically active compounds, membrane active compounds, 
compounds that inhibit membrane activity, functional reactive groups, monomers, and ceil 
targeting signals. The spacer group may contain chemical moieties chosen from a group that 
includes alkancs, aikenes. esters, ethers, glycerol amide, saccharides, polysaccharides, and 
heteroatoms such as oxygen, sulfur, or nitrogen. The spacer may be electronically neutral, 
may bear a positive or negative charge, or may bear both positive and negative charges with 
% 1 <. ug u < f <* t s ' icgat 
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pH~ Labile Linkages and Bonds 

pH-labile refers so the selective breakage of acovalent bond under acidic conditions 
(pH<7). That is, die pH-labile bond may be broken under acidic conditions in the presence of 
other covalent hoods without their breakage. Use term pH-labile includes both linkages and 
bonds that are pH-lafaiie, very pH-labiie, and extremely pH-labile. 

Very pH-LabiJc Linkages and Bonds 

A subset of pH-labile bonds is very pH4abile. For the purposes of the present 
invention, a bond is considered very pH-labiie if the half-lite for cleavage at pH 3 is less than 
45 minutes. 

Extremely pH-Labile Linkages and Bonds 

A subset of pH-iabiie bonds is extremely pH-labile. For the purposes of the present 
invention, a bond is considered extremely pH-labile if the half-life for cleavage at pH 5 is less 
than .15 minutes. 

Amphipfaiiic aud Amphipathk Compounds 

Amphipathic, or amphophilic, compounds have both hydrophiiic (water-soluble) and 
hydrophobic (water-insoluble) parts. Hydrophiiic groups indicate in qualitative temts that the 
chemical moiety is water-preferring, Typically, such chemical groups are water soluble, and 
are hydrogen bond donors or acceptors with water. Examples of hydrophiiic groups include 
compounds with the following chemical moieties; carbohydrates, polyoxyethylene, peptides, 
oligonucleotides and groups containing amines, amides, aikoxy amides, carboxylic acids, 
sulfers, or hydroxy Is, Hydrophobic groups indicate in qualitative terms that the chemical 
moiety is water-avoiding. Typically, such chemical groups are not water soluble, and tend 
not to hydrogen bonds. Hydrocarbons are hydrophobic groups. 

Detergent 

Detergents or surfactants are water-soluble molecules containing a hydrophobic 
portion (tail) and a hydrophiiic portion (head), which upon addition to water decrease water's 
surface tension. The hydrophobic portion can be alkyl alkenyl, alkynyi or aromatic. The 
hydrophiiic portion can be charged with either net positive (eationic detergents}, negative 
(amomc detergents?, uncharged (nonionic detergents), or charge neutral (zwitterioak 
detergent). Examples of anionic detergents are sodium dodecyl sulfate, glycolic acid 
efhoxytate(4 units) 4-tert-butyiphem . m-ntu acsd. and oleic acta Examples of 
eatiomc detergents axe cetv itriMethylammotttum bromide and oieyiamine. Examples of 
nonionic detergents include, lauryimaftoside, Trito X-l 00. and Tween, Examples of 
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ttserton tergei i, hid (3 , lam >< j l)din laxt nos jl-j pain 't m 
(CHAPS), and N-tetradecyi-N.N-dinKtbyi-S-janmonhi^-pfopaewsulfonjae. 
Surface Tension 

The surface tension of a liquid is the force acting over the surface of the liquid per 
s unit length of surface thai is perpendicular to the force that is acting of the surface Surface 
charge has the units force per length, e g. Newtons/meter. 
Membrane Active Compound 

Membrane active agents or compounds are compounds (typically a polymer, peptide 
or protein) that are able alter the membrane structure. This, change in structure can be shown 

JO by the compound inducing one or more of the following effects upon a membrane: an 

alteration that allows small molecule permeability, pore formation in the membrane, a fusion 
and-'or fission of membranes, an alteration that allows large molecule permeability, or a 
dissolving of the membrane. This alteration can be functionally defined by the compound's 
activity in at least one the following assays: red blood cell lysis (hemolysis), liposome 

IS leakage, liposome fusion, cell fusion, cell lysis and endosomai release. An example of a 
membrane active agent in our examples is the peptide melittin, whose membrane activity is 
demonstrated by its ability to release heme from red blood cells (hemolysis). In addition, 
diniethyimaleamic-modified nieiiam(DM-Mel) reverts to melittin in the acidic environment 
Of the endosome causes endosomai release as seen by the diffuse staining of fluorescein' 

20 labeled dextran m our endosomai release assay. 

More specifically membrane active compounds allow for the transport of molecules 
with molecular weight greater than 50 atomic mass units to cross a membrane. This transport 
may be accomplished by either the total loss of membrane structure, the formation of holes 
(or pores) in the membrane structure, or the assisted transport of compound through the 

25 membrane. In addition, transport between liposomes, or cell membranes, may be 

accomplished by the fusion of the two membranes and thereby the mixing of the contents of 
the two membranes. 

Membrane active peptides. 

Membrane active peptides are peptides that have membrane activity. There are many 
30 naturally occurring membrane active peptides such as cecropin (insects), magamin, CPF 1 , 
PGLa. Bombtnin BLP-l (all three from amphibians), melittin (bees), seminalplasmin 
(bovine), mdolictdin, bactenecm (both from bovi e i utr< pi il ' tai Jp plesin 1 (crabs), 
praiegnn (porcine leukocytes), and defensins {from human, rabbit, bovine, fungi, and plants). 
Gramicidin A and gramicidin S (bacillus fere vis), the iaattbiotics such at- man (lactoeoceus 
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lactis),a<idroctoniii (scorpion), cardiotoxin I (cobra), caenrs {frog litoria splendida), 

dentiasviiti >* Viral pej dvs. have also been shown to have membrane activity. 

examples include hemagglutinin subamt BA-2 (influenza. virus), EI (Semliki forest vims), Fl 

(Sendai and measles viruses), gp4l (HIV), gp32 (SiV), and vpl (Rhino, polio, and coxsackie 
S viruses). In addition synthetic peptides have also been shown to have membrane activity 

Synthetic peptides that are rich in leucines and lysines (KL or KL» motif) have been shown to 

have membrane activity. In particular, the peptide HjN-KLLKLLLKLWLKLLKLLLKLL- 

COi, termed KL3, is membrane active. 

Compounds or Chemical Groups (Moieties) that Inhibit or Block the Membrane 
10 Activity of Another Compound or Chemical Moiety 

An interaction with a membrane active agent by modification or complexation 

(including covalent, ionic, hydrogen bonding, coordination, and van der Waals bonds) with 

another compound that causes a reduction, or cessation of the said agents membrane activity. 

Examples include die covalent modification of a membrane-active peptide by the covalent 
i s attachment of an inhibitory chemical group (moiety) to the membrane active peptide. Another 

example includes the Interpol yelectrolyte complexation of a membrane active poiyanion and 

inhibitory poly cation. 

Polymers 

A polymer is a molecule built up by repetitive bonding together of smaller units called 
20 monomers, in this application the term polymer includes both oligomers which have two to 
about SO monomers and polymers having more than 80 monomers. The polymer can be 
linear, branched network, star, comb, or ladder types of polymer. Lite polymer can he a 
homopolymer in which a single monomer is used or can be copolymer in which {wo or more 
monomers are used. Types of copolymers include alternating, random, block and graft 
25 The main chain of a polymer is composed of the atoms whose bonds are required tor 

propagation of polymer length. For example in poly-L-iysine, the carbonyl carbon, « -carbon, 
and a-amine groups are required for the length of die polymer and are therefore main chain 
atoms . The side chain of a polymer is composed of the atoms whose bonds are not required 
for propagation of polymer length. For example in poiy-L-iysme, the 7, 8, and t-carbons, 
30 and E-nitrogen are not required for the propagation of the polymer and are therefore side 
chain atoms. 

To those skilled in die art of polymerization, there are several categories of 
polymerization processes that can be utilized m the described process. The polymerization 
can be chain or step. This classification description is more often used that the previous 
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terminology of addition aade< p-reactioa polymerizations aa 

condensation processes and most chain-nt actum o I n ; ./.mons are addition processes" (M 
P. Stevens Polymer Chemistry: An Mroduciion New York Oxford University Press 1990). 
Template polymerization can be used to form polymers from daughter polymers. 

5 Step Polymerization: 

In step polymerization, the polymerization occurs m a stepwise fashion. Polymer growth 
occurs by reaction between monomers, oligomers and polymers. Mo initiator is needed since 
there is the same reaction throughout and there as no termination step so that the end groups 
are still reactive. Hie polymerization rate decreases as the functional groups arc consumed, 

10 Typically, step polymerization is done either of two different ways. One way, the monomer 
has both reactive functional groups {A and B) in the same molecule so that 

A-B yields -[A-BJ- 
Or die other approach is to have two diftmctiona! monomers. 
A-A + B-B yields -[A-A-B-B]- 

15 Generally, these reactions can involve acylation or alkylation. Acylation is defined as the 
introduction of an acyl group (-CQR) onto a molecule. Alkylation is defined as die 
introduction of an alky! group onto a molecule. 

if functional group A is an amine then B can be {hut not restricted to) an isothiocyaoate, 
tsoeyanate, acyl azide, N-hydroxysuccinimide, sulfonyl chloride, aldehyde (including 
20 formaldehyde and glmaraldehyde), ketone, epoxide, carbonate, mudoester. carboxylate, or 
alkylphosphate, arylhalides (dtfluoro-dinitrohenzene), anhydrides or acid haiides,, p~ 
nitrophenyl esters, o-nitrophenyl pentaclUorophenyl esters, or pentatluorophenyl esters. In 
other terms when function A is an amine then function B can be acylating or alkylating agent 
or am ination. 

25 If functional group A is a thiol, sulfhytiryl, then function B can be (hut not restricted 

to) an iodoacetyl derivative, maieimide, aziridine derivative, acryloyl derivative, 
fhiorobenzene derivatives, or disulfide derivati ve (such as a pyrtdyl disulfide or 5-thio-2- 
aitrobenzoic acid{TNB} derivatives). 

If functional group A is carboxylate then function B can he (but not restricted to) a 

30 diazoacetate or an amine in which a carbodmnide is used. Other additives may be utilized 
such as carbonytdtimidazole, dimethylaminopyridme, N-faydroxysuccinimidc or alcohol 
using carbodiimide and dtmethylamutopyridine. 
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If functional group A is a hydroxy! then function B can be (but not restricted to) an 
epoxide, oxirane, or an amine in which carboriyldiimtdaxole or N, W-disaeeimm idy ! 
carbonate, or N-hydro.xysuccmamdyJ chloroformate or other cMoioformates are used. 

if functional group A is an aldehyde or ketone then function B can be (but not 
5 restricted to) an hydrazine, hydnuade derivative, amine (to ferns a inline or irainium that may 
or may not be reduced by reducing agents such as NaCNBfh) or hydroxy! compound to form, 
a keral oracetal. 

Yet another approach is to have one di&ncttona! monomer so that 
A-A plus another agent yields -[A-Aj-. 
K) If function A is a thiol suifhydryl, group then it can be converted to disulfide bonds by 

oxidizing agents such as iodine 02) or NaI04 (sodium periodate), or oxygen (02). Function 

A can also be an amine that is converted to a thiol, sat&ydryl, group by reaction with 2- 

IminothioSate (Traut's reagent) which then undergoes oxidation and disulfide formation. 

Disulfide derivatives (such as a pyridyl disulfide or 5-thio-2-nitrobenzoic acidfTNB} 
15 derivatives) can also be used to catalyze disulfide bond formation. 

Functional group A or B in any of fee above examples could also be aphotoroacfive 

group such ass aryl azides, halogenated aiyi azides, diazo, benzophenones, aikynes or 

diazirine derivatives. 

Reactions of the amine, hydroxy!, thiol, suifhydryl carboxylate groups yield chemical 
20 bonds that are described as amide, amidiae, disulfide, ethers, esters, enamine, urea, 
isothiourea, isourea, sulfonamide, carbamate, carbon-nitrogen double bond (imine), 
alkyiamiue bond (secondary amine), carbon-nitrogen single bonds in which the carbon 
contains a hydroxy! group, thio-edrer, diet, hydrazone, diazo, or sulfone. 

Chain Polymerization: In chain-reaction poI> tm ri ti on growth * th« pc lyrtier occurs 
25 by successive addition of monomer units to {united number of growing chains. The initiation 
and propagation mechanisms are different and there ss usually a chain-terminating step. The 
polymerization rate remains constant until the monomer is depleted. 

Monomers containing vinyl aeryiaie, methaerylate, acrylamide, methacrylamide 
groups can undergo chain reaction, which can be radical anionic , or cationic. Chain 
10 polymerization can also be accomplished by cycle or ring opening polymerization. Several 
different types office radical initiations coaid be used that include peroxides, hydroxy 
peroxides, and azo compounds such as 2,2'-A2ohis(-amidinopropane) ^hydrochloride ( 
AAP). A compound is a materia! made up of two or more elements. 
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Types of Monomers: A wide variety of monomers can be used in the polymerization 
processes. These include positive charged organic monomers such as amines, imidine, 
guamdmc imtn; >i',!r .\\!ar\K h\ > (hke imidazole pyridine 

morpholme, pyrrolidine, or pyrene. The amines could be pH-sensitsve in that the pK» of the 

5 amine is within the physiologic range of 4 to 8. Specific amines include spermine, 

spermidine, N ; N ! -h.ts(2-amiooethyi>- ! >propanediamme (AEPD), and 3 ;3 ' -Diam mo-N,N- 
dintethyldipmpyianmtomum bromide. 

Monomers cart also be hydrophobic, hydrophilic or amphipathic. Monomers can also 
be intercalating agents such as acridine. thiazole organge, or ethidium bromide. 

10 Other Components of the Monomers and Polymers: The polymers have other groups 

that increase their utility. These groups can be incorporated into monomers prior to polymer 
formation or attached to the polymer after its formation. These groups include: Targeting 
Groups- such groups are used for targeting the polymer-nucleic acid complexes to specific 
ceils or tissues. Examples of such targeting agents include agents that target to the 

i s asialoglycoprotein receptor by using asiologlycoproteins or galactose residues. Other proteins 
such as insulin, EOF, or transferrin can be used for targeting. Protein refers to a molecule 
made up of 2 or more amino acid residues connected one to another as in a polypeptide. The 
amino acids may be naturally occurring or synthetic. Peptides that include the ROD sequence 
can be used to target many cells. Chemical groups that react with thiol sulfhydryi, or 

20 disulfide groups on cells can also be used to target many types of ceils. Folate and other 

vitamins can also he used for targeting. Other targeting groups include molecules that interact 
with membranes such as fatty acids, cholesterol, dansyl compounds, and amphotericin 
derivatives. 

After interaction of the supramoiecular complexes with the cell, other targeting 
25 groups can be used to increase the delivery of the drug or nucleic acid to certain parts of the 
cell For example, agents can be used to disrupt eodosomes and a nuclear localizing signal 
(NLS) can be used to target the nuclens. 

A variety of ligands have been used to target drugs and genes to cells and to specific 
cellular receptors. Use Ugand may seek a target within the cell membrane, on the cell 
30 membrane or near a cell. Binding istorecept ypicall liti es endocytosis 

Ligands could also be used for DNA delivery that bind to receptors that are not endocytosed. 
For example peptides containing RGB peptide sequence that bind - n ptci could be 
used. In addition viral proteins could be used to bind the complex to cells. Lipids and steroids 
could be used to directly insert a complex into cellular membranes. 
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The polymers can also contain cieavable groups within themselves. When attached to 
the targeting group, cleavage leads to reduce interaction between the complex and the 
receptor for the targeting group. Cieavable groups include but are not restricted to disulfide 
bonds, diols, diazo bonds, ester bonds, sulfcne bonds, aeetals, kctais. enol ethers, enol esters, 
5 enamines and imines. 

PolyeSectrulyte 

A polyelectrolyte. or polyion, is a polymer possessing charge, i.e. the polymer 
contains a group (or groups) that has cither gained or lost one or more electrons. A 
polycation is a polyelectrolyte possessing net positive charge, for example poly-L-lysine 

10 hydrobromide . The polycadon can contain monomer units that are charge positive, charge 
neutral, or charge negative, however, the net charge of the polymer must be positive. A 
polyeation also can mean a non-polymeric molecule that contains two or more positive 
charges. A polyanion is a poly-electrolyte containing a net negative charge. The polyanion can 
contain monomer units that ate charge negative, charge neutral, or charge positive, however, 

13 the net ehaige on the polymer mast be negative. A polyanion can also mean a non-polymeric 
molecule that contains two or more negative charges. The term polyelectrolyte includes 
polyeation, polyanion, ^vitterionic polymers, and neutral polymers. The term zwitterionie 
refers tothe product, (salt) of the .reaction between an acidic group and a basic group diat are 
part of fee same molecule. 

20 Chelator 

A chelator is a poiydentate ligand, a molecule that can occupy more than one she in 
the coordination sphere of ait ion, particularly a metal ion, primary amine, or single proton. 
Examples of < h I at ide crown ethers, cryptates, and non-cyclic poiydentate molecules. 

A. crown ether is a cyclic polyether containing f~X-{CRl~2)n)m units, where n~ 1-3 and m = 

25 3-8, The X and CR1 -2 moieties can be substituted, or at a different, oxidation slates. X can 
be oxygen, nitrogen, or sulfur, carbon, phosphorous or any combination thereof. R can be H, 
C, 0, S,N, P. A subset of crown ethers described as a cryptate contain a second (~X-(CRt~ 
2)a)z strand where z=3-S. The beginning X atom of the strand is an X atom in the (-X-(CR1- 
2)n)m unit, and die terminal CH2 of the new strand is bonded to a second X atom in. the (-X- 

30 (CRl-2}n)m unit. 'Non-cyclic polydentate molecules containing <-X-(CRl-2)n)Bi unit(s), 
where n » I -4 mi m = 1 -8. The X and CR1-2 moieties can be substituted, or at a different 
oxidation states. X can be oxygen, nitrogen, or sulfur, carbon, phosphorous or any 
combination thereof. 
Polyehelator 
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Hydrocarbon means containing carbon and hydrogen atoms; and halohydrocarboo 
means .containing carbon, halogen (F, CI 8l I) m i hydi g« at hxi 
AJkyl, alkene, alkyne, ary! 

Alkyl means any sp 3 -hybridized carbon-coniammg group; aikenyl means containing 
5 two or more sp 2 hybridized carbon atoms; aklkynyi means containing two or more sp 

hybridized carbon atoms; aralkyi means containing one or more aromatic ring{s) in addition 
containing sp } hybridized carbon atoms; araikenyl means containing one or more aromatic 
ring(s) in addition to containing two or more sp 1 hybridized carbon atoms; aralkyayl means 
containing one or more aromatic ring(s) in addition to containing two or more sp hybridized 
10 carbon atoms; steroid includes natural and unnatural steroids and steroid derivatives. 
Steroid 

A steroid derivative means a sterol, a sterol in. which the hydroxy! moiety has been 
modified (for example, acyiated), or a steroid hormone, or an analog thereof. The 
modification can include spacer groups, linkers, or reactive groups, 
35 Carbohydrate 

Carbohydrates include natural and unnatural sugars (for example glucose), and sugar 
derivatives (a sugar derivative means a system in which one or more of the hydroxy! groups 
on ihe sugar moiety has been modified (for example, but not limited to, acyiated), or* system 
in which one or more of the hydroxy! groups is not present). 
20 Pelyoxyethylene 

Polyoxyethylene means a polymer having ethylene oxide units HCH2CH2QV, whom 
n 2,mi>) 

Compound 

A compound ts a material made up of two or more elements. 
25 Electron Withdrawing and Donating Groups 

Electron withdrawing group is any chemical group or atom composed of 
electrons . ■ - s), that is atoms that tend to attract, electrons. Electron donating group 

ts any chemical group or atom composed of electropositive atom(s), that is atom s that tend to 
attract electrons. 
30 Resonance Stabilization 

Resonance stabilization is the ability to distribute charge on multiple atoms through pi 
bonds. The ■ .:. 1 erTecth e. in a molecule, is a shift of electron density due to the 
polarization of a bond by a nearby electronegative or electropositive atom. 

Stories 
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Fi e folh iiiig des« ri| ti n m > id \ n pte y enibodrmei fa 
compositions, and rae&ods of tiie present invention. These embodiments include a variety of 
systems that have been demonstrated as effective delivery systems both in vitro and in vivo. 
The invention is not limited to these particular embodiments. The following topics are 
S discussed in turn: I) labile, pH-labite, Vety pH-labile Bonds, and Extremely pH-Labile 
Bonds II) Polymers with pH-Labile Bonds, Ml) Polymers Containing Several Membrane 
Active Compounds, IV) Membrane Active Compounds Containing Labile Bonds, V) 
Mixtures of Membrane Active Compounds and Labile Compounds, VI) Biologically active 
compounds Containing Very pH-Labile Bonds, and VII) pH-Labik Ampkipathic Compounds 

to 

h Labile, pH-L abHe Bonds, Very p H-iabiie, and Extremely pH-Labile 
Bonds 

A) Labile bonds 

IS In one embodiment, disulfide bonds are ased in a variety of molecules, and polymers 

that include peptides, lipids, liposomes, 

B) pH-Labile 

In one embodiment, ketals that are labile in acidic environments {pH less than 7, 
20 greater than 4) to form a diol and a ketone are used in a variety of molecules and polymers 
that include peptides, lipids, and liposomes. 

in one embodiment, acetals that are labile in acidic environments (pH less man 7, 
greater than 4) to form a diol and an aldehyde are used in a variety of molecules and 
polymers that include peptides, lipids, and liposomes. 
25 In one embodiment imines or mtiniums that are labile in acidic environments CpH 

less than 7, greater than 4) to form an amine and an aldehyde or a ketone are used in a variety 
ri < j< lee «■ - and poi- mers that include peptides, lipids, and liposomes. 

The present inventwn addit onaih pros. td< s fa? the us< ol polymers containing silicon 
-oxygen-carbon linkages (either in the mam chain of the polymer or in aside chain of the 
30 polymer) that are labile under acidic conditions. Qrganosiianes have long been utilized as 
•roups in organi nrfaesis due to both tl a preparation tin 

i . • et carbot \un a > d h tacii f > noval » i© > tt in jrotip ik k a< 
conditions. For example, silyl ethers and sih enol the - b th posses such, a linkage. SiHcon- 
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oxygen-carbon linkages are susceptible to hydrolysis under acidic conditions forming silanois 
and an alcohol (or enol). The substitution on both the silicon atom and the alcohol carbon 
can affect the rate of hydrolysis due to stone and electronic effects. This allows for the 
possibility of tuning the rate of hydrolysis of the siHcon-oxygen-carbon linkage by changing 

5 the substitution on either the oxganosilane, the alcohol, or both the organosikme and alcohol 
to facilitate the desired affect, hi addition, charged or reactive groups, such as amines or 
carboxylate. may be linked to the silicon atom, which confers the labile compound with 
charge and/or reactivity. 

The present invention additionally provides for the use of polymers containing 

m silicon-nitrogen (silazanes) linkages (either in the main chain of the polymer or in a side 

chain of die polymer) that are susceptible to hydrolysis. Hydrolysis of a siiazane leads to the. 
formation of a silanoi and an amine. Siiazaaes are inherently more susceptible to hydrolysis 
than is the silicon-oxygen-carbon linkage, however, the rate of hydrolysis is increased under 
acidic conditions. The substitution on both the silicon atom and the amine can affect the rate 

5 5 of hydrolysis due to steric and electronic effects. This allows for the possibility of tuning the 
rate of hydrolysis of the silizane by changing die substitution on either the silicon or the 
amine to facilitate the desired affect. 

The present invention additionally provides for the use of polymers containing silicon 
- carbon linkages (either in the main chain of the polymer or in a side chain of the polymer) 

28 that arc susceptible to hydrolysis. For example, arylsilanes, vinylsilanes, and aflyhalanes ail 
posses a carbon-silicon bond that is susceptible to hydrolysis. 

C) Very pH-Labite Bonds 

To construct labile molecules, one may construct the molecule with bonds that are 

25 inherently labile such as disulfide bonds, diols. diazo bonds, ester bonds, sulfone bonds, 
acetals, ketals, enol ethers, enol esters, imines, imminiums, and enanvines. In addition, one 
may construct a polymer in such a way as to put reactive groups, i.e. electrophiles and 
nueieophiles, in close proximity so that reaction between the function groups is more rapid 
than if the reactive groups are not in close proximity. Examples include having carboxylic 

30 acid derivatives (acids, esters, amides) and alcohols, thiols, carboxylic acids or amines in the 
same molecule reacting together to make esters, thiol esters, acid anhydrides or amides. 

An example of the construction of labile molecules containing labile bonds is the use 
of the acid labile enol ether bond. The enoi ether is an ether, a molecule containing a -C-G- 
C- linkage, in which one of the carbons bonded to oxygen is sp2 hybridized and bonded to 
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another caibon, i e. an enoi. Enols are unstable and rapidly convert to the carbonyl, i.e. the 
ketone or aldehyde Enol ethers ar< table s* ativc ( >. 4 - s but under acidic iqueou; 
conditions convert to alcohol and ketone or aldehyde. Depending on Use structures of the 
carbonyl compound formed and the alcohol release, enol hydrolysis can be very pH-labiie. In 
5 general hydrolysis to form ketones is much faster than the rate of conversion to aldehydes. 
For example the rate of hydrolysis of ethyl isopropeoy! ether to form ethanoi and acetone -is 
ca. 3600 times faster than the hydrolysis of ethyl trans-propenyi ether to form ethanoi and 
propanal. 



A"- 

enol ether 



Cleavage of an enoi ether. 
Figure 1 



R l~ H, aldehyde 
Rj~C, ketone 



TSiere are two relatively facile methods for the synthesis of ketone-generation enol 
ether, altEKugn the generahot^of enol ethers is a& limited to these methods and one skilled in 
the a^tj3*«^tyf^ote. One4»e#»d, metaJ-^icpjj<Nmpj$^a reduction of ar|^^| 
compounds.luch as phonometers, results in 'the redaction of one carbon-carbon double bond 
to produce a dlene (Birch AJ. J. Chem. Soe. 593). Another method is the elimination 
of$£*k$e* ethers (where chloride, fiuoride^bromide, jind jgdide are halogens) under basic 



Rl==C, ketone 
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metal-liquid ammonia reduction 




elimination ofj~chloro ethers 



metal -liquid ammonia reduction 



where X F.CI.Bt. or I 
1 1 j> i" i' ti i f > Jt a • hers 
where X=F,CLBr> or I 



An advantage of these methods is that the labile enol ether is produced from relatively 
stable e thers. This stability of starting materia! enables one to construct the labile molecule 
under conditions where it is not labile and then produce the labile enol ether linkage.: Using 

5 suitable p-haloethers, both methods produce enoi ethers that hydrelyze into ketones, which 
enable one to construct very pH-labi!e bonds . For example analogs of ethyl isopropenyl 
ether, which may be synthesized from P-faaloethers, have half-lives of roughly 2 minutes at 
pH 3 (Kresge, A.J .; Sagatys, D.S.; Chen, H.L. </. Am. Cbem. Soc. 1917, 99, 7228). A facile 
method for the production of a polymer containing isoproprenyl ether i s the elimination of 

50 polyepichiorohydrin under basic conditions (Ntebikubo, T.„ lizawa, T., Sugarwara, Y,, and 
Shimofcawa, T. J. Pofym. ScL Pofym Chem. Ed 1986, 24, 1097.) It has been shown (Peres, 
M„ Ronda, J.C., Reina, IA., Sena, A, Polymer 1998, 39, 3885.) thai reaction of 
epkhiorohydrin with phenolate salts is a competition between substitution, to form the 
phenol ether, and elimination to form the enol ether. To illustrate the use of elimination of P- 

1 5 haloethers to construct enol ewer-containing polyions, we reacted polyepiehlorohydnn with 
the tetrabutylammoniom disalt of para-hydroxypheuyiacetie acid. The product was a 
polyanion, due to the substitution reaction, which had enoi ether functional groups. This 
polyanion's ability to from complexes with poiyallylamme was lost upon acidification. In 
addition this enol either is very pH-labile; measurement of the rate of hydrolysis of the enol 

20 ether group by IN spectroscopy revealed a hydrolysis with a half-life of 37 minutes at pH 5, 
Analogs of ethyl cyciohexenyj ether, which may be synthesized ftom phenol ethers, 
have half-lives of roughly 1 4 minutes at pH 5 (Kresge, A J.; Sagatys, D.S.; Chen, H.L. ./ Am. 
Chem. Soc, 1977, 99, 7228). To illustrate this approach to construct enol ethers, we 
synthesize! gi c . - is T . < it 1 unit 4-fiert-buty i ,4-cyclohexadiene ether by metal- 
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liquid ammonia reduction of gSycoiic acid eihoxylateH units) 4~!ui-b.)ty-phem ! ether, whs 
is a phenol ether. line hydrolysis of this moi ether is very acid labile, lire haif-iife of the 
hydrolysis of this ml ether -containing surfactant was 40 minutes at pH 5. 




derivatives, maleaaue acids, revert back to amine and anhydride with amazing speed, ixlO* 
to Ik10 !S times faster than its noneycHc analogues <Kirby ; AJ. J. Adv. Phys Org Chem. 1980, 



The amide acid (hat converts to amine and anhydride is the protected acid, not the 
onaied carboxylate. For this reason, cleavage of the amide acid to form amine and 
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anhydride is pH-depdndeat. this pH-dependent reactivity can be exploited to form reversible 
pM-sensitive linkers. Linkers, or spacer molecules, are used to conjugate passenger 
molecules and earner molecules, which increase the transport and deliver}' of passenger 
molecules. Specifically,, cis-aconitic acid is used as such a pR-sensltrve linker molecule. The 

5 -f-carboxylate is first coupled to a carrier molecule, a molecule that assists in delivery such as 
an interaction modifier or a targeting ligand. In a second step, cither the « or jl carboxylate is 
coupled to a passenger molecule, such as a biologically active compound, to form a pH- 
sensitive coupling of passenger and earner molecules. An estimation of the kinetics of 
cleavage between passenger and carrier reveals that at pH 5 the half-life of cleavage is 

10 between 8 and 24 hours (Blattkr, W.A.; Kuenzi B.S.; Lambert, J.M.; Senter, P.D. 
Biochemistry, 1985, 24, 1517-1524). 




acoustic acid ma 3 e j c anhydride system 

Structures of cis-aconitic anhydride and maleic anhydride. 




aconitic acid malese anhydride system 

IS The pH at which cleavage occurs is controlled by the addition of chemical 

constituents to the labile moiety. The rate of conversion ofmaleamic acids to amines and 
maleie anhydrides is strongly dependent on substitution (Rj and R 3 ) of the maleic anhydride 
system. When R;. is methyl (from citraconic anhydride said similar in substitution to cis- 
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aconihc anhydride) the rats of conversion is 50-fold higher than when and R 5 are 
hydrogen (derived from maleic anhydride). When there are alfcyi substitutions at both R 2 and 
R 3 (<?.g. ; 2,3-dimemylmaleicanhydride) the rate increase is dramatic, 10000-fold fester than 
maleic anhydride. Indeed, modification of the poly-cation poly-L-lysine with 2,3- 

5 (hiisethylmaietc anhydride to form the polyantomc 2,3-dimethylmaJeamic poly-L-lysine, 
followed by incubation at acidic pH resulted in loss of 2,3-dtmetfcylmaleic and return of the 
poiycation poly-L-lysine. The half-life of this conversion was between 4 and 10 minutes at 
pH 5 . This shows that conversion of 2,3-dimethylraaieamic acids (derived from the reaction 
between 2,3-dimethybnaleic anhydride and amines at basic pH), to amines and 2,3- 

10 dimethylraaleie anhydride at acidic pH is extremely labile. It is postulated that this increase 
in rate for 2.3-dimethylmaieamic acids is due to the steric interactions between the two 
methyl groups which increases the interaction between amide and carhoxylate and thereby 
increases (he rate of conversion to amine and anhydride. Therefore, it is anticipated that if 
and Rj are groups larger than hydrogen, which includes any conceivable group, the rate of 

1 5 am ide-acirf conversion to amine and anhydride will be faster than if R 2 and/or Rs are 
hydrogen. One would expect that 2,3-die&ylmaleamic acids to cleave fester than 
ethylmaleamic acids and so forth. In addition, we synthesized 2-propioroc-3~meihylmaleie 
anhydride and found that the rate of 2-propionic-3-methylmaleamie acid cleavage was the 
same as that for 2,3-dimethySrnaieainic actd>> 

20 Another method for the production of rapidly cleaved pH-sensih ve deri vatives of 

maleic anhydride is to react the anhydride with an alcohol or thiol to form an acid ester or 
acid thioester. 

II. Polymers with sH-LabUe Bonds 

25 Polymers with labile bonds may have the following generalized structures: A-B-A where A is 
a monomer and 8 is a pH-labile linkage, A-B-C where A is a monomer and B is a pH-labile 
linkage and C is an interaction modifier. The modifying group may confer the polymer with 
a varieties of new characteristics such as a change in charge (e.g. cariorhc, anionic), cell 
targeting capabilities (e.g. nuclear localization signals), hydrophiiiciiy (e.g. 

30 polycthyieneglyeoL saccharides, and polysaccharides), and hydrophobicity (e.g. lipids and 
detergents). The labile group may be added to the polymer during polymer synthesis or the 
labile group may be added to the polymer after polymerization has occurred. 
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Use present invention, provides a wide variety of polymers with labile groups that find 
us - n the dein en s,\ stc ctcd such that 

they undergo a chemical transformation (e.g.. cleavage) in physiological conditions, that is, 
when introduced into a specific, inherent intra or extracellular environment (e.g., the tower 
pH conditions of an endosonie, or the extracellular environment of a cancerous tumor), In 
addition, the chemical transformation may also be initiated by the addition of a compound, 
live conditions under which a labile group will undergo transformation can he controlled by 
altering the chemical constituents of the molecule containing the labile group. For example, 
addition of particular chemical moieties {e.g. , electron acceptors or donors) near die labile 
group can effect the particular conditions {e.g., pH) under which chemical transformation will 
occur. The present invention provides assays for the selection of the desired properties of the 
labile group for any desired application. A labile group is selected based upon its half-life 
and is included in a polymer. The polymer is then compiexed with the biologically active 
compounds and an in vitro or in vivo assay is used to determine whether the compound's 
activity is affected. 

A, pH-LabUe. Linkages Within pH-Labile Polymers 

The pH-labile bond may either be in the mai n-chain or in the side chain. If the pH~ 
labile bond occurs in the main chain, then cleavage of the labile bond results in a decrease in 
polymer length. If the pH-labile bond occurs in the side chain, then cleavage of the labile 
bond results in loss of side chain atoms from the polymer. 

An example of a pH-labile bond in the side chain of a polymer is 2,3- 
dtmemylmaleamic poly-L-lysine, which is formed by the reaction ofpoly-L-iysine wlh 23- 
ditnethyimaleic anhydride under basic conditions. Hie modification of the poly-L-lysine is in 
the side chain and conversion of the 23-dmiethyimaleamie poly-L-lysine to poly-L-lysine 
and 2,3-dimethyimaleie anhydride under acid conditions does not result in a cleavage of the 
polymer main, but in a cleavage of the side chain. 

An example of a siiieon-oxygen-carbon pH -labile bond in the side chain of the 
polymer is the polymer formed from the reaction of poly-L-serine and 3- 
aminopropyltriraethoxysilane in DMF 'Hie ratio of 3-aoimopropyi-tnmethoxysilane per 
serine monomer units may be changed resulting in differing amounts of silyiether formation.. 
Hydrolysis of the polymer under acidic conditions regenerates the poiy-L-serine and a 
silanol. 
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An example of a pH-iabile bond in the main chain of the polymer is di-(2~methyi-4- 
hydroxymethyl(sucemie semiaidehyde ester) ! - die m ine)-1.4-benzene l,4-bis{3- 
aminopropyi)piperazine copolymer (1:1) (MC208) prepared from the reaction of di-{2- 
methyt-4-hydroxjw&yl(succinie semiaidehyde esterM>d!oxolaneH,4-benzene and ; 1,4- 
5 bjs{3-ammopropyl)pjperazine. The resulting polymer (containing imraes) can be reduced in 
the presence of NaCNBFb to afford the secondary amine containing copolymer (MC301) 
which retains the pH-labiiiry of the parent polymer, through ketal functional groups. Both 
polymers contain a substituted 1,3-dtoxoiane ring system, ketal, which upon exposure to 
acidic environments hydrolyzes to a ketone and dioi. 

to 

B. Polymerization processes to form the pH-labile Polymers 

There are a number of polymerization processes that can be utilized with the present 
invention. For example, the polymerization can be chain or step. This classification 
description is more often used that the previous terminology of addition arid condensation 

IS polymer. "Most step-reaction polymerizations are condensation processes and most chain- 
reaction polymerizations are addition processes" (M. P. Stevens Polymer Chemistry; An 
Introduction New York Oxford University Press 1991)). Template polymerization can be 
used to form polymers from daughter polymers. 

1. Step Polymerization; In step polymerization, the polymerization occurs in a 

20 stepwise fashion. Polymer growth occurs by reaction between monomers, oligomers and 
polymers. No initiator is needed since there is the same reaction throughout and there is no 
termination step so that the end groups are still reactive. The polymerization rate decreases 
as the functional groups are consumed. 

Typically, step polymerization is done either of two different ways. One way, the 

25 monomer lias both reactive functional groups (A and B) in the same molecule so that A-B 
yields -{ A-B|-Or the other approach is to have two bsftinctional monomers. A-A +■ B-B 
yields -f A-A-B-B}-Generatly, these reactions can involve acylation or alkylation. Acylation 
is defined as the introduction of an acyi group {-COR) onto a molecule. Alkylation is defined 
as the introduction of an aikyl group onto a molecule. 

30 If functional group A is an amine then. B can include, but is not limited to, an 

isothioeyanate, isocyanate, acyi azsde, N-hydroxysuccimmide, smfonyl chloride, aldehyde 
(including formaldehyde and glutaraidehvde.). ketone, epoxide, carbonate, imidoester, 
carboxylase activated with a carboditmide, aikyl phosphate aryJhahdes (difiuo.ro- 
doiitrobenzene), anhydride, or acid haiide, p-nitrophenyi ester, o-mtrophenyl ester. 
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penmcMorophenyi ester, pentafluoiophenyl ester, earbonyi imidazole, earbonyi pyridmium, 
or earbonyi dimethylaroinopyridinium. In other terms when function A is an amine then 
function B can be acyiatmg or alkylating agent or animation agent. 

If functional group A is a thiol sulfhydryi, then function B can include, but is not 
S limited to, an iodoacetyl derivative, nideimide, aaaridine derivative, aeryloyi derivative, 
Huorobenzetie derivatives, or disulfide derivative (such as a pyridyi disulfide or S-thso-2- 
nitrobenzotc aeidfTNB} derivatives). 

If functional group A is carboxylate then function B can include, but is not limited to, 
a diazoacetste or an amine in which a carbodiimide is used. Other additives may be utilized 
10 such as carbonyidiiraidazole, dimethyiamino pyridine (DMAP), N-hydrosysuceinimide or 
alcohol nstng carbodiimide and DMAP. 

If functional group A is an hydroxy! then function B can include, but is not limited to. 
an epoxide, oxirane, or an amine in which carbonyidiiraidazole or N, N'-dssuceminridyl 
carbonate, or N-hydro.vysuccinimidyl chloroformate or other chioroforroates are used. 
15 If fonctional group A is an aldehyde or ketone then function B can include, but is not 

limited to, an hydrazine, hydrazide derivative, amine {to form a inline or imimnra that may or 
may not be reduced by seducing agents such as NaCNBHj) or hydroxy! compound to form a 
ketal or acetat. 

Yet another approach is to have one bifmchonal monomer so that A-A phis another 
20 agent yields ~[A-A]-. If function A is a thiol, sulfhydryi, group then it can be converted to 
disulfide bonds by oxidizing agents such as iodine (h) or Na!0 4 (sodium periodale), or 
oxygen (O?) Function A can also be an amine that is converted to a thiol, sulfhydryi, group 
by reaction widv 2-IminothioIate (Traut's reagent) which then undergoes oxidation and 
disulfide formation. Disulfide derivatives (such as a pyridyi disulfide or 5-thio-2~ 
25 oitrobenzoie aeidfTNB} derivatives) can also he used to catalyze disulfide bond formation. 

Functional group A or 8 in any of die above examples could also be a photoreactive 
group such as aryl azide (including halogenated ary! axideh diazo, benzophenone, alkyne or 
diaztrine derivative. 

Reactions of the amine, hydroxy!, thiol, sulfhydryi, carboxylate groups yield chemical 
30 'bonds that are described as amide, amidine . disulfide, ethe rs . esters, enamiae, imine, urea, 
isothiourea, isoiirea, sulfonamide, carbamate, alkylamine bond (secondary amine), carbon- 
nitrogen single bonds in which the carbon contains a hydroxy! group, thioether, diol, 
hydiazone, diazo, or snifone. 
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2, Chain Polymerisation In cham-teacaon polymerization, growth of the 
polymer occ f essh e addition of monomer units to limited number of gro wing 

chains. Die initiation and propagation mechanisms are. different and there is usually a chain- 
terminating step, The polymerization rate remains constant until the monomer is depleted. 

S Monomers containing (but not limited to) vinyl, acryJate, methaerylaie, aerylamide, 

methaeryiafnide groups can undergo chain reaction which can be radical, anionic, or eatiomc. 
Chain polymerization can also be accomplished by cycle or ring opening polymerization. A 
number of different types of free radical initiators could be used that include peroxides, 
hydroxy peroxides, and azo compounds such as 2,2'-Azobis(-amidmopropaoe) 

10 dihydrochioride (AAP). 

C. Types of Monomers for Incorporation into pH-Labile Polymers and 
Types of pH-Labile Polymers 

A wide variety of monomers can be used in the polymerization processes. These 
1 5 include positive charged organic monomers such as amines, amine salts, imidine, guanidine, 
imme, hydroxyiamine, hydrazine, heterocycles like imidazole, pyridine, morpholine, 
pyrimidine, or pyrene, Polymers from such monomers includes, but are not limited to such 
examples as poly-L-tysrae, poiyethylenimine (linear and branched), and polyaUylaraiae The 
amines could he pH-sensitive in that the pKa of the anvine is within me physiologic range of 
28. 4 to 8 . Specific pH-sensitive amines include spermine, spermidine., N,N'~bis{2-aminoethyl)- 
l>propanediarnme (AEPD), and 3,3'-Diamino-N,N-dimethyidipropy3ammoni«m bromide, 
in addition negatively charged monomers such as sulfates, sulfonates, carboxylases, 
and phosphates may be used to generated polyamonic polymers. Examples of these 
poiyanions include, hut are not limited to, nucleic acids, polystilfonylstyrene, and heparin 
25 sulfate Also, amine-containing polyeations may be converted to poiyanions by reaction with 
cyclic anhydrides such as succinic anhydride and giutarie anhydride to form glutaryiated and 
succinylated polymers which are polyanionic. Examples of these poiyanions include, but are 
not limited to, soecioylated and glutaryiated poly-L-iysine, and succinylated and glutaryiated 
polyallylamine, 

30 Monomers can also be hydrophobic, hydrophilic or amphipathic. 

Monomers can also be intercalating agents such as acridtne, thiazole organge, or 
ethidium bromide. Monomers can also contain chemical moieties that can be modified 
before or after the polymerization including (but not limited to) amines (primary, secondary. 
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and tertiary), amides, carboxylic acid, ester, hydroxy!, hydrazine, alkyi halide, aldehyde, and 
ketone 

The.pH-Jabite .polymer can be a polyion, polycaiion, polyanion, zwitterionic 
polymers, and neutral polymers. It can also contain a chelator and be a polycheiator. 

5 

D. Other Components of the Monomers and Polymers 

The polymers may include other groups thai increase their utility. These groups can 
he incorporated into monomers prior to polymer formation or attached to the polymer after its 
formation These groups include, but are not limited to; targeting groups and signals (e.g, 
10 cell receptor, nuclear targeting signals), membrane active compounds, reporter or marker 
molecules, spacers, steric stabilizers, chelators, polycations, polyanions, and polymers, 

Ha>^.MYMfer§..€fl.S^M«8 Several Membrane Active Compounds 

The present invention specifies polymers containing more than two membrane active 

15 compounds. In one embodiment, the membrane active compounds are grafted onto a 

preformed polymer to form a comb-type polymer. For example, both the membrane active 
peptides melittin and KL? contain only one carboxylate, which is at the catboxy terminus. 
Therefore, activation of the peptides with carboxy-acftvaong agents such as caroodiimides 
-will react with only one group. If this activation is done in the presence of an excess of an 

W amine, then one may obtain selective amide formation. In particular, if the activation is done 
in the presence of a polyamme, one would obtain selective coupling of the peptide to the 
polyamine. This method of coupling of a membrane active peptide to a pblyamme was 
accomplished for the coupling of peptides KLj and melittin to poJyammes poiyallylarame and 
poh'~L-iysmc. In each ease, the membrane activity, as judged by hemolysis, was retained 

25 and, m case ofKLj, was improved after attachment to the polyeatioo. 

in another embodiment, the membrane active compounds are incorporated into the 
polymer by chain or step polymerization processes, For example, an acryloy! group at the N- 
termmus of a peptide allows one to form a polyaerylamidc polymer with peptide side chains 
(O'Brien-Simpson, MM, Ede, NJL Brown, LB, Swan, I, Jackson, D.CJ. Am. Chem. Soc. 

W 1991 115 1183) N-acryloyl KL3 wa I id found to -retain the 

activity of monomeric KL3, but was able to form particles with DNA. 

I V, Membrane Active Compounds Containing Labile Bonds 
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The v,v re: A B-C wherein 

A is a membrane active compound, B is a labile linkage, and C is a compound that inhibits 
■ho membrane activity of compound A A membrane active compound is defined within the 
Definitions Section and includes membrane active peptides. 

The term labile linkage is defined above and includes pH-labile bonds such as, 
acetate, ketais, enol ethers, enol esters, eoamincs, and indues. 

ft also includes extremely pH-labile bonds such as 2.3-disubstituted maleamie acids and very 
pH-iahile bonds such as enol ethers. 

Preferred embodiments include 2,3-diniemyimaieamic-meilitin, 2~propionie-3- 
methylmakamic melittin, 2-propiomc-3-me%l.maleamic KL3, and 2,3-dimeihylmalearaic- 
mefiaia, which are membrane inactive compounds that become membrane active under 
acidic conditions. 

The disulfide linkage (RSSRT may be used within bifunetionaS molecules. The reversibility 
of disulfide bond formation makes them useful tools tor the transient attachment of two 
molecules. Disulfides have been used to attach a bioactive compound and another compound 
{Thorpe, P,E,</. NmL Cmcertnst 1987, 79, U'Oi). The disulfide bond is reduced thereby 
releasing the bioactive compound. Disulfide bonds may also be used in the formation: of 
polymers (Kishore, K.» Ganesh, K. in Advances in Polymer Science, Vol. 21, Saegusa, T. 
Ed., 1993). 

In another embodiment, the invention includes compositions containing biologically 
active compounds and compounds of the general structure A-B-C wherein A is a membrane 
active compound, B is a labile linkage, and C is a compound that inhibits the membrane 
activity of compound A. The biologically active compounds include pharmaceutical drugs, 
nucleic acids and genes. In yet anodier embodiment, these compounds that are of the general 
structure- A-B-C wherein A is a membrane active compound, B is a labile linkage, and C is a 
compound that inhibits the membrane activity of compound A- are used to deliver 
biologically active compounds thai include pharmaceutical drugs., nucleic acids and genes. In 
one specific embodiment, these A-B-C compounds are used to deliver nucleic acids and 
genes to muscle (skeletal heart, respiratory, striated, and non-striated), liver (hepatocytes), 
spleen, immune cells, gastrointestinal cells, ceils of the nervous system (neurons, glial, and 
microglial), skm colls (dermic >i i mis in id synovia lis, tumor cells, kidney, 
ceil I i im . 1 n (dendirit T Us. B .it ml en f - enting el 
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macrophages), exocrine cells (pancreas, salivary glands), prostate, adrenal gland, thyroid 
gland, eye structures {retinal cells), and respiratory cells (ceils of the lung, nose, respiratory 
tract). Upon cleavage of B, membrane activity is restored to compound A. This cleavage 
occurs in certain tissue, organ, and ub-ee!iul - > ! * c : b\ tk, 

S. microenvMomnent of the location and also by the addition of exogenous agents. Delivery- can 
be accomplished by direct imraparenchymal injections (into the parenchyma of a tissue) or by 
intravascular conditions. Intravascular conditions also include conditions under which fee 
permeability of fee vessel is increased and when fee injection is leads to increased 
intravascular pressure 

10 

Y„Mimre*ofjy^ 

la addition, the invention is a composition of matter that includes a membrane active 
compound and a labile compound. In one embodiment the labile compound inhibits the 
membrane activity of fee membrane active compound, Upon chemical modification of the 

15 labile compound, membrane activity is restored to fee membrane active compound. This 
chemical modification occurs in certain tissue, organ, and sub-cellular locations feat axe 
controlled by fee mscroenvironment of the location and also by fee addition of exogenous 
agents. In one embodiment fee chemical modification involves the cleavage of fee polymer. 
In one embodiment, fee membrane active compound and die inhibitory labile compound are 

20 poly ions and are of opposite charge . For example, fee membrane active compound is a 
poiycation and fee inhibitory labile compound is a polyanion, or the membrane active 
compound is a polyanion and fee inhibitory labile compound is a poiycation. 

fa another embodiment, the invention includes compositions containing biologically 
active compounds, a membrane active compound and a labile compound. Upon chemical 

25 modification of fee labile compound, membrane activity is restored to fee membrane active 
compound. This chemical modification occurs in certain tissue, organ, and sub-cellular 
locations that are controlled by fee microenvironrneni of fee location and also by fee addition 
of exogenous agents. In one embodiment fee chemical modification involves fee cleavage of 
the polymer, in one specific embodiment, these compositions containing biologically active 

30 eompoi <s imen rane active c opt t J id a labile compound are used to deliver nucleic 
ids a id genes to mi le (skeh tal, heart, respiratory, striated, and non-striated), liver 
fttepaiocyies), spleen, immune cells, gastrointestinal cells, cells of fee nervous system 
(neurons, glial, and microglial}, skm ceils (dermis and epidermis), joint and synovial cells, 
tumor cells, kidney, cells of the immune system idendmtie. 1 t ell It cells, antigen- 
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presenting cells, macrophages), exocrine cells (pancreas, salivary glands), prostate, adrenal 
gland, thyroid gland, eye structures (retinal cells), respiratory ceils (cells of the lung, nose, 
pirator act) n « id< J 5 d • s i' 

S YLgiaiQBaaUSLa^^ Contammg Very and/or ExtremejA;j)HdjMgBan^ 

The invention specifies compounds of the following general structure: A-B-C wherein 
A is a biologically active compound such as pharmaceuticals, drugs, proteins, peptides, 
hormones, cytokines, enzymes and nucleic acids- such as anti-sense, ribozyme, recombtaing 
nucleic acids, and expressed genes. Bis a labile linkage that contains a pH-iabile bond such 

10 as amides of 2,3-dimethyimaieamic acid, enol ethers, enol esters, silyl ethers, and silyl enol 
ethers; and C is a compound. In one embodiment C is a compound that modifies the activity, 
function, delivery, transport, shelf-life, pharmacokinetics, blood circulation time in vivo, 
tissue and organ targetting, and subcellular targeting of the biotogically active compound A. 
in other embodiments, B is a labile linkage that contains acetals, kstals, enol ethers, enol 

15 esters, amides, (mines, immtoiums, enamines, stiyl ethers, or silyl enol ethers. 

The invention also specifies that tits labile linkage B is attached to reacti ve functional 
groups on the biologically active compound A. to yet another embodiment, reactive 
functional groups are attached to nucleic acids. Specifically, aziridines, qninones, osdranes, 
epoxides, nitrogen mustard's, sulfur mustards, and halogen and carbon-containing compounds 

20 such as alkylhalides, halo-amines, alpha-halo amides, esters and acids, may be used to 
modify nucleic acids and thereby attach reactive functional groups. 

VI 1. pH-Labile Amphi paihic Compounds 

to one specification of the invention, the pH-labile and very pH-labile linkages and 

25 bonds are used within arapmpathic compounds and detergents. Hie pH-labiie amphipaihic 
compounds can be incorporated into liposomes for delivering biologically active compounds 
and nucleic acids to cells, lite detergents can be used for cleaning purposes and for 
modifying the solubility of biologically active compounds such as proteins. pH-labile 
surfactants may be desirable for their reversible solubilization of hydrophobic compounds in 

30 water and hydrophilie compounds in organic solvents. For example, surfactants are 

necessary for the purification of membrane proteins: however, it is often difficult to separate 
membrane proteins and surfactants once the purification is complete. Labile surfactants may 
also be mote biodegradable and may reverse the formation of unwanted emulsions or foams. 
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For example the surfactant glycol ic acid ethoxylate{4 units) 4~tert-buty-phe»yl ether 
was convened in the enol-ether-conjatnmg pH-labile surfactant glycolic aod ethoxylate(4 
units) 4-ten-bmy-i,4-cyclohexadieite ether by ammonia-metal teduction of the phenyl group. 
The cool-ether bond links the feyrdrophihc portion of the molecule with the hydrophobic 
port ion of the molecule, therefore, cleavage of the enoi ether bond rende rs the amphophilic 
surfactant into wo separate molecules (one hydrophilic and one hydrophobic). The half-life 
ofenol ether cleavage was 40 minutes at pH 5. lu likewise manner, similar surfactants such 
as Triton X-lOOmay he converted into pH-labile surfactants. 

I) Delivery Systems 

In some embodiments of the present invention, the labile group (e.g., ester, amide or 
thioes&r acid) is eomplexed with lipids and liposomes so that in acidic environments the 
lipids are modified and the liposome becomes disrupted, fusogenic or endosomoJyttc. For 
example, the lipid diacylglycerol is reacted with an anhydride to form an ester acid. After 
acidification in an intracellular vesicle the diacylglycerol reforms and is very lipid biiayer 
disruptive and fusogenic, 

to preferred embodiments of the present invention the delivery systems comprise 
polymers. 

One of the several methods of nucleic acid delivers' to the ceils is the use of DHA- 
polycahon complexes. It has been shown that cahonic proteins like histories and protamines 
or synthetic polyme shl )oh i polyarginin pt t\ ornithine, DEAE dextran, polybrene, 
and polyethylenimine may he effective intracellular delivery agents while small poiycations 
like spermine are ineffective. 

to addition to the delivery of polynucleotides, other bioactive molecules, such as 
proteins and small molecule drugs, may be delivered using a labile connection. Either 
through a direct modification of the bioactive molecule or through the formation of a 
complex with the molecule, which is itself labile. 

Examples 

EXAMPLE 1 

Synthesis and characterization of labile cemposads 
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A) Synthesis of 2-p ropi oni c-3-met h y 1 m aide anhydride (carboxydbnethylmalcic 
anhydride or C-BM). 

To a suspension of sodium hydride (0.58 g, 25 mmol) hi 50 mL anhydrous tetrahydrofuran 
was added triediyl-2~phosphonopropionate (7.1 g, 30 mmol). After bubbling of hydrogen gas 

5 stopped, dimethyl-2<(xoglutarate (3 .5 g, 20 mmol} to 1 0 mL anhydrous tettahydro&ran was 
added aid stirred for 30 minutes. Water, JO raL, was then added and the tetrahydrofiimn was 
removed by rotary e vaporation. The resulting solid and water mixture was extracted with 
3x50 mL ethyl ether. The ether extractions were combined, dried with magnesium sulfate, 
and concentrated to a light yellow oil. The oil was purified by silica gel chromatography 

10 eiution with 2:1 etherhexane to yield 4 gtn (82% yield) of purs tricster. The 2-propionic-3- 
methylmaleic anhydride then formed by dissolving of this tricster into 50 mL of a 50/50 
mixture of water and ethanoi containing 4.5 g (5 equivalents) of potassium hydroxide. This 
solution was heated to reflux for 1 hour. The ethane! was then removed by rotary 
evaporation and the solution was acidified to pH 2 with hydrochloric acid. This aqueous 

15 solution was then extracted with 200 mL ethyl acetate, which was isolated, dried with 

magnesium sulfate, and concentrated to a white solid. This solid was then recrystallaed from 
diehloromethane and hexane to yield 2 g (80% yield) of 2-prapiamc-3-methylma3etc 
anhydride. 

B) Synthesis of 2,3-diateoyldjaminopropiosHc ethylenediarame amide 

20 2,3-diaminopropionic acid ( 1 .4 gm, 10 mmol) and dimethylaminopyridine (1 .4 pa 11 mmol) 
were dissolved in 50 mL of water. To this mixture was added over 5 minutes with rapid 
stirring oleoyi chloride (7 7 mL, 22 mmol) of in 20 mL of ietrahyd.Ritkran. After all of the 
acid chloride had been added, die solution was allo wed to stir for 30 minutes. The pH of the 
solution was 4 at the end of the reaction. The tetrahydroftiran was removed by rotary 

25 evaporation The mixture was then partitioned between water and ethyl acetate. Hie ethyl 
acetate was isolated, dned with magnesium sulfate, and concentrated by rotary evaporation to 
yield a yellow oil The 2,3-dioleoyldiaminopropionic acid was isolated by silica gel 
chromatography, elation with ethyl ether to etute oleic acid, followed by 10% methanol 90% 
methylene chloride to eluto diaraide product, 1.2 g (19% yield). The diatmde (Li gra, 1.7 

30 mmol) was then dissolved in 25 mL of methylene chloride. To this solution was added N- 
hydfoxysuccurimide (0.3 g. 1 ,5 eq) and dkyciohexyicafbodiimide (0.54 g, 1.5 eq). This 
mixture was allowed to stir overnight. 'The solution was then filtered through a cellulose 
plug. To this solution was added ethylene diamine (1 gm, 10 eq) and the reaction was 
allowed to proceed for 2 hours, The solution was&en concentrated by rotary evaporation. 
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The restilting solid was purified by silica gel chromatography elation with 10% ammonia 
saturated methanol arid 90% methylene chloride to yield the trtamide product 2,3- 
dioteoyMiamteopropiontc ethyienedianune amide (0.1 gm, 9% yield). Thetriamide product 
was given the number MC213. 

C) Synthesis of dioleylsmtdeaspartic acid. 

N-(tert-butoxycoxhonyl)-L-aspartic acid (0.5 gm. 2.1 tmaol) was dissolved in 50 mL of 
aceionitr.de. To this solution was added N-hydroxysacciminide (0 54 gm, 2.2 eq) and was 
added dicyclohexykarbodiimide (0.54 g, 1 .5 eq). This mixture was allowed to stir o vernight. 
The solution was then filtered through a cellulose plug. This solution was men added over 6 
hoars to a solution containing oleylamine {Li g, 2 eq) in 20 mL methylene chloride. After 
the addition was complete the solvents were removed by rotary evaporation. The resulting 
solid was partitioned between 100 ml ethyl acetate and 100 mL water. The ethyl acetate 
fraction was then isolated, dried by sodium sulfate, and concentrated to yield a white solid. 
The solid was dissolved in 10 mL of trifiouroacetic acid, 0.25 mL water, and 0.25 mL 
ttiisopropylsilane. After two hours, the trifiouroacetic acid was removed by rotary 
evaporation, The product was then isolated, by silica gel chromatography using ethyl ether 
followed by 2% methanol 98% methylene chloride to yield 0. 1 gm (10% yield) of pure 
dioleylaraideasparhe acid, which was given the number MC303. 

D) Synthesis of 2,3-diraethylm aleam ic poly-L4ysiae 

Poly-L-lysine (10 mg 34,000 MW Sigma Chemical ) was dissolved in .1 mL of aqueous 
potassium carbonate (100 mM). To this solution was added 2,3-dimethyJmaieic anhydride 
(100 mg, 1 mined) and the solution was allowed to react for 2 hr. The solution was then 
dissolved in 5 mL of aqueous potassium carbonate ( 100 mM) and dialyzed against 3X2 L 
water that was at pH8 with addition of potassium carbonate. The solution was then 
concentrated by lyophilization to 10 mg/ml of 2,3-dimetbyimakarnsc poly-L-lysine . 

E) Synthesis of dimcthylmaleamic-mehltm and dimethyimaleamte-pardaxtn. 

Solid melittin or pardaxin { 100 pg)was dissolved in 100 pL of anhydrous 
dtmcthylftumamide containing 1 mg of 2,3-dimethytmaleic anhydride and 6 pLof 
diisopropylethylamine . 
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F) Synthesis of dimethylmalesc derivatives (from alcohol-containing) and 
dimethylmaleamic derivatives (from am me-cont sitting) ofispids. 

To a solution of. I rag of lipid (either MC 213, MC 303, phospnatidylcthanolaniine dioleoyl 
(DOPE), or U-dioleoylglycerol (DOG)) ia chloroform (0.1 mL) is added 10 nig of 2,3- 
5 dimethylmaieic aahydnde and 82 mg of dtisopropylethyi amine. The solution is allowed to 
incubate at room temperature for 1 hour before testing for activity. 

G) Synthesis of 2-propionk-3-methylraakic derivatives (frora alcohol-containing) 
and 2-propionie-3-racthyimaleamic derivatives (from amine-containing) of lipids. 

50 To a solution of J mg of lipid (either MC 213, MC 303, phosphatidyiethanoiamme dioleoyl 
(DOPE), or 1,2-dioleoylglycerol (DOG)) in chloroform (0.1 mL) is added 10 mg of 2- 
propionic-S-methyimaleic anhydride and 82 mg of diisopropylethyi amine. The solation is 
allowed to incubate at room temperature for 1 hoar before testing for activity, 

15 H) Synthesis of addncts between peptide and poly-L-lysine addncts. 

To a solution of poly-L-iysine (10 mg, 0.2 pmol} and peptides KLs or melittin {2 M»fol)k 
added I-(3~djmethy!^nraopropyl)-3-ethyicarbod!imide hydrochloride (20 pmol). For the 
peptide Kl j, the reaction is perforated in 2 mL of water. For the peptide melittra, the 
reaction is performed in a solution of 1 mL water and 1 mL triftouroethanol. The reaction is 

20 allowed to proceed overnight before placement into a 1 2,000 molecular weight cutoff dialysis 
bag and dialysis against 4x2 liters over 4 8 hours. The amount of coupled peptide is 
determined by the absorbance of the tryptophan residue at 280 nm, using an extraction 
coefficient of 5690 em~ ! M" ! (Gill, S.C. and von Hippei, P.H. Analytical Biochemistry (1989) 
182, 319-326). The conjugate of melittin and poty-Mysine was determined to have 4 

25 molecules of melittin per molecule of poly-L-lysine- and is referred to as mel~PLL. The 
conjugate ofKLj and pofy-L-iysine was determined to have 10 molecules of KL$ per 
molecule of poly-L-lysine and is referred to as K'LrPLL. 

I) Synthesis ef addncts between peptide and polyaih tamine addncts* 

30 To a solution of poiyallylamrae ( 1 0 rag, 0.2 pmol) and peptides KL3 or melittin (2 ptnol) is 
added H3^imethylai«inopropyl)-3-ethylc£ubodiimidc hydrochloride (20 umol), Forthe 
peptide KL } , the reaction is performed in 2 mL of water. For the peptide melittin, the 

performed in tut >f 1 ml wa d <d 1 mL triflouroemanol . The reaction is 
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allowed to p > ed - nigi »efo? lacement int 1 12J K) molecuiar weigh moff dialysis 
bag and dialysis against 4x2 liters over 48 hoars to remove uncoupled peptide. The amount 
of coupled peptide is determined by the absorbance of the tryptophan residue at 280 any 
using m extinction coefficient; of 5690 cm" ! M"' (GiiL S.C and von Hippel P.M. Analytical: 
5 Biochemistry (19S9) 182, 3 19-326). The conjugate meiittin and polyailylamine was 

determined to have 4 molecules of meiittin per molecule of polyallyiamine and ss referred to 
as mel-PAA. The conjugate of KL? and poiyaliylamine was determined to have 10 molecules 
of KL 3 per molecule of poiyaliylamine and is referred to as KLs-PAA. 

10 J) Synthesis of polyethyleneglycol methyl ether 2-propiontc-3-methyirnaleate 

(C0M-PEG) 

To a solution of 2~propionic-3-raediyiiaafeic anhydride ( 30 tag, 0. 16 mmol) in 5 m.L 
methylene chloride was added oxaiyl chloride {200 mg f 10 eq) and dime%'lfcrmamide (1 
p.L), The reaction was allowed to proceed overnight at which time the excess oxaiyl chloride 

15 and methylene chloride were removed by rotary evaporation to yield the acid chloride, a clear 
oil. Ths acid chloride was dissolved in 1 t»L of methylene chloride. To this solution Was 
added polyetlryleneglycol monomethyl ether, molecular weight average of 5,000 (815 tag, 1 
eq) and pyridine (20 uL, 1.5 eq) in 10 mL of methylene chloride . The solution was then 
stirred overnight. The solvent was then removed arid the resulting solid was dissolved into 

20 8.15 mL of water. 

ft) General procedure for the reaction of mel-PAA, KLs-PAA, mel-PLL, and 
KL3-PLL with dimcthyimaleic anhydride and 2-propiomc-3-methyimaieic anhydride, 
Peptide-polycation conjugates (10 mg/mL) in water were reacted with a ten-fold weight 
25 excess of dimethylmaleie anhydride and a ten-fold weight excess of potassium carbonate. 
Analysis of the amine content after 30 by addition of peptide solution to 0.4 mM 
trinitrobenzene sulfonate and 100 mM borax revealed no detectable amounts of amine. 

L) Synthesis of glycohc acid ethoxylate(4 units) 4-terf-fouty-M-eyciohexadiene 
30 ether (an enokther containing detergent) 

To a solutes of glycolic acid etboxyiate(4 units) 4-tert-buty-pbenyl ether (100 mg, 0.26 
mmol), t-butylalcohol (10 mL), and tetrahydro&ran (10 m.L) was condensed liquid anhydrous 
ammonia (20 mL) at -78 °C. To this solution was added sodium metal (100 mg, 16 eq). Use 
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solution turned dark blue and was stirred for 4 hours during which lime the bine color 
remained. The solution was then quenched by the addition of ammonium chloride (220 mg. 
16 eq). The ammonia was allowed to evaporate overnight The mixture was then partitioned 
between 10 mL of water and 10 mL ethyl ether. The water layer was isolated and used for 
5 kinetic studies. 

M| Synthesis of poty(oxy-l-paro-aceticpheno>iymethylethylene-co-oxy-l- 
roethykthylene) 

To /wra-hydroxyphenyiacetic acid (0.115 gm, 0.75 mmol) was added a 1 M solution of 
10 tetrabutylanmoaium hydroxide in methanol. The methanol was then removed by rotary 

evaporation to yield an oil. To this was added 5 rat of tetrahydrofaran and 

polyepichlorohydrin (0.046 gm, 0.6 mg), The solution was then heated to 60°C for 16 hours. 

The solution was then placed into dialysis tubing (12,000 molecular weight cutoff) and 

dialyzed against 2xlL of water that was pH 9 with addition of potassium carbonate. A 
15 portion of tins solution was filtered through a 0.2 pm nylon syringe filte r, and then 

lyophiiiaed to determine its concentration. This solution was used for particle formation and 

hydrolysis studies. 

Example N) Synthesis of L-cystine - 1 ,4-bts(3-aramopropyI)pipcraxine 
20 copolymer 

To a solution of N,N'-Bis(t-BOC)-L-cystine (85 mg, 0.35 mmol) in ethyl acetate (20 mL) was 
added KN'-dicyclohexylcarbodiimide (108 rag, 0,5 mmol) and N-hydroxysucctmmide (60 
mg, 0.5 mmol). After 2 hr, the solution was filtered through a cotton plug and L4-bis(3* 
aminopropyDpiperazine (54 pL, 0.25 mmol) was added. The reaction was allowed to stir at 

25 room temperature for 16 h. The ethyl acetate was then removed by rotary evaporation and 
the resulting solid was dissolved in trifiuoroaeeuc acid (9.5 mL), water (0.5 mL) and 
triisopropylsilane (0.5 mL). After 2 h, the trifluoioaceac acid was removed by rotary 
evaporation and the aqueous solution was dialyzed in a 15,000 MW cutoff tubing against 
water (2 X 2 1) for 24 h. The solution was then removed from dialysis tubing, filtered 

30 through 5 pM nylon syringe filter and then dried by iyophUizaiion to yield 30 .mg of polymer. 

Synthesis of Acid Labile Monomers: 
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I xampk O) Synthesis, < f£>i Q-meth # mtiw /<w S dioxoiane) 1 4 bm mm 
(MC 2161 

To a solution of diacstylbcnzene (2.00 g, 12.3 niiaol. Aldncb Chemical Company) m toluene 
(30,0 mii, was added glycerol (5.50 g, 59.7 mrool Acros Chemical Company) followed by 

5 p-toiaeaesalfomc acid monohydrate (782 mg. 4 1 1 mmol Aldrich Che-mica! Company), The 
reaction mixture was heated at reflux for 5 hrs with the removal of water by azeotroptc 
distillation m a Dean-Stark trap. The reaction mixture was concentrated -tauter reduced 
pressure, and the residue was taken up in Ethyl Acetate. The solution was washed 1 x 10% 
NaHCOj, 3 s JfeO, 1 x brine, and dried (MgS0 4 ). Following removal of solvent (aspirator), 

10 the residue was purified by flash chromatography on silica ge! (20x150 ma CH 2 C1? eluent) 
to afford 593 mg (16% yield) of di<2-memvl-4-hydroxyTOedryi-l f 3-dtoxolane)-l,4-benzcne. 
Molecular son calculated for CisHeO* 310, found m+I/z 31 1.2, 300 MHz. NMR ICDCk, 
ppm) 5 7.55-7.35 (4H. m) 4.45-3.55 (10H. m) 1.65 (6 H, brs), 

15 Example P) DM2-methyl-4-hydroxymethyl(suedrtk semialdehyde ester)-! ,3- 

ditesoiane^M-benzeiie (MC 211). 

To a solution of succinic setmaldehyde (150 mg, 1.46 mmol, Aldrich Chemical Company) 
and dt-(2~methyl-4-hydrox>TOethyl-l,3-4ioxoiarte)-l J 4-benzetie (150 rag, 480 pjnol) m 
CHjCh (4 mL) was added dieyelohexykarbodiimide (340 mg, 1.65 mmol, Aldrich Chemical 
20 Company) followed by a catalytic amount of 4-dimethylanrinopyriditie. The solution was 
stirred for 30 min and filtered. Following removal of solvent (aspirator), the residue was 
purified by flash chromatography on silica ge! (20x150 mm, CHjCb eluent) to afford 50 mg 
(22%) ofdi-{2-methyl-4-hydroxymethyi(succinic semiaidehydee$torM,3~dloxolaneM,4- 
benzeoe. Molecular ion calculated for CatHjoOio 478.0 found m+l/z 479.4. 

2S 

Example Q) Di-(2-methyl-4-hydrGxyroethyl(gJyoxitic add ester >-l,3~dioxoIane)~ 
1.4-benzene (MC225). 

To a solution ofglyoxyltc acid raonohydrate (371 mg, 403 p.mol, Aldrich Chemical 
Compatr>')anddi-(2-memyM-hydroxymethyl-L3-dioxolaoe)-l,4-benzene (500 mg, .163 
30 pmoi) in dimethylfororamide 58 mL) was added die: !;i •:«-<; tearbodiimide (863 mg. 419 
proof Aldrich Chemical Company). The solution was stirred for 30 rain and filtered 
Following removal of solvent (aspirator), the residue was purified by flash chromatography 
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on siiica g« 1 (2.0x i 50 mm eth> ... cl £ Ho vanes {1:2.3 eiuent) to afford 58 mg {10 %) of di- 
(2-mcthy!-4-4iydroxymethyKgiyoxyHc acid ester'H ,3-dioxokneH ,4-benz-ene. 

Example R) Di-C2-inetltyM-amjaomethy!.i3-diox()laiie}~i,4-b««2eiie (MC372), 
To a solution of 1 ,4-dsacetylbenzeoe (235 mg, 1.45 mmol, Aidrich Chemical Company) in 
toluene (1 5 ,0 mL) was added J-ammo- I ,2-propanediol protected as the FMOC carbamide 
(1.0 g, 3.2 mmol), followed by a catalytic amount of p-toluenesulfonie acid monohydrate 
(Aidrich Chemical Company). The reaction mixture was heated at reflux for 16 hrs wife the 
removal of water by azeotropic distillation m a Dean-Stark trap. The reaction mixture was 
cooled to room temperature, partitioned in tohtene/HjO, washed i x 10% NaHCOj, 3 x HjO, 
I x brine, and dried (MgSG 4 ). The extract was concentrated under reduced pressure and 
crystallized (methanoi/HjO). The protected amine fcetaJ was identified in the supernatant, 
which was concentrated to afford 156 mg product. The free amine was generated by treating 
the ketal with piperidine ia dichioromethane for i to 

Example Sj DU(2-methyt~4-hydroxyrmihyl(glycine esk>r)-lj~diox0tem)-!j~henzem 
(MC373) 

To a solution of FMOC-Glyeine (690 mg, 2.3 mmol, NovaBiochem) in dichloromeihaie (4.0 
mL) was added dicyclohexyicarbodiimide (540 mg, 2.6 .mmol, Aidrich Chemical Company), 
After 5 minutes, diK2-inethyl-44iydroxyraemy!-L3-dioxolane)-i,4-beuzene (240 mg, 770 
fimol) was added followed by a catalytic amount of 4-dimethyiaminopyridine. After 20 miii, 
the reaction mixture was filtered and concentrated (aspirator) to afford 670 mg of oil The 
residue was taken in tetrahydrofuran (4.0 mL) and piperidine (144 mg, 1.7 mmol) was added 
The reaction was stirred at room temperature for 1 hr and added to cold diethyl ether. The 
resulting solid was washed 3 x diethyl ether to afford di-(2-methy-4-hydroxymetiiyl(glyctne 
ester)-i f 3-dioxolai3e)-L4,benzene. Molecular ion calculated for C^rLsN^ 424, found 
m+i/z 425.2. 



Synthesis of Polymers Containing Acid Labile Moieties: 

Example T) 0i-(2-methyM-hydroxymeihyl(glyoxilie acid ester)4^~dioxo!ane}- 
1,4-benxene: l,4-Bis{3-arainoprapyl)pipcra5sine Copolymer (1:1) (MC228). 
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To a solution )f di-(2 M ! vd xymetl (glyoxyhc < e er) < -> <colane) 1,4 

benzene (100 mg, 0.273 mmoi) in diTuethylforraamide was added 1 ,4-bis( 3-amtnopiopyi)- 
piperazine (23 pL. 0.273 mmoi, Aldneh Chemical Company) and the solution was heated to 
80 " 3 C. After 16 his the solution was cooled to room temperature and precipitated with 
diethyl ether. The solution was decanted and the residue washed with diethyl ether (2x) ami 
dried under vacuum to afford dK2«roethyl-4-hj droxymcth* Kglyoxs lie acid ester)- i ,3- 
dioxolaae) 1,4-beazene; i,44>is(3-ammopropyi)i>iperazme copolymer (1: 1). 

By similar methods, the following polymers were constructed: 

Bi-(2-methyl-4-hydroxymethyl(succinic semialdehyde ester)-i,3-dioxoI&ne)-l,4-benzenc: 
U4-BLs(3-sm>»opropyJ)piperazine Copolymer (hi) (MC208). 

Di-(2-methyi-4-hydroxymethyKsuechiie seniialdehyde ester)-! ,3-diox oiane)-l ,4-benzene: 
lABis(3-ammopropyl)pjperazine Copolymer (1:1) Reduced with NaCNBH, (MC301). 

»H2~methyl-4-hydr©xymethy!(suceimc semialdehyde esterM,3H$ioxoia»eM Abenxene: 
1,3-Blammopropane Copolymer (1:1) (MC3O0). 

Di-{2-methyl~4-hydroxymethy{(succin)c semialdehyde ester)-! ,3~diox»larie}-l ,4»benze«e: 
3 t 3*-Diaramo-N-methyidipropylamine Copolymer (1:1) (MC218). 

Di-(2-methyM-hydroxymeihyl{suceiriic semialdehyde ester)-!, 3-d«Qx©lane)-l,4-ben3seiie; 
Tefraethylencpentamine Copolymer (1:1) (MC2I7). 

Bi-{2-metijyW-hydroxymethyl(giyuxihc acid ester)-l,3-dioxoiane)-l f 4-be(i2eue: 1,3- 
Diammopropane Copolymer (1:1) (MC226). 

l>i-(2-m ethyl-4-hydroxymethyl(giyoxi1ic acid ester)- 1 ,3-dioxolane)- 1,4-benzene: 3^3'- 
Diamino-M-methyidlpropyiamiue Copolymer (1:1) (MC227). 

Example V) Synthesis of l,4-Bis(3«ammopn}pyI)piperaxjne - Ghitaric Diaidehyde 
Copolymer (MC140). 
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l ! 4~Bjs(3-aminopmpyi>piperdzine { 206 pL, 0.998 mmol t Aldrieh Chemical Company) was 
taken up in 5.0 mL JHfeO. Glutano dialdehyde (206 0.998 mmol, Aldrieh Chemical 
Company) was added and the solution was stirred at roam temperature. After 30 nun 5 an 
additional portion of H 2 0 was added (20 mL), and the mixture neutralized with f> N HC1 to 
pH 7, resulting in a red solution. Dialysis against H 2 0 (3x3L, 12,000 - 14,000 MWCO) and 
lyophiiizaiion afforded 38 mg 04 %) of the copolymer. 



By similar methods, the following polymers were constructed: 
Diacetylbeiuene - 1,3-Diammopropaue Copolymer (1:1) (MC321) 
Diaeetyl benzene - Dmmino-N-methyldipropylamine Copolymer {1:1) (MC322). 
Dtacetylbenxene ~ l,4-Bis|3-aminopropyl)pipera2!ne Copolymer (1:1) (MC229) 
Maeetyifoenaeiie - Tetraethylenepentamme Copolymer (1:3) (MC323), 
Giutark Dialdehyde - 1,3-Diamroopropane Copolymer (1:1) (MC324) 
Gtatarie Dialdehyde - Diamino-N-methyldipropyiamme Copolymer (1:1) (MC325). 
Ghitaric Dialdehyde - Tetraethylenepentamme Copolymer (3 :1) (MC326). 
1,4-CyeiohexaiJone- 1,3-Bsaminopropane Copolymer 0 :3) (MC33&) 
M-Cyclosexaaone - Dianuno-N-methyldipropyterame Copolymer (1 :1) (MC331). 
M-Cyclohexanonc - M-Bis{3-aminopropyl)piperazmc Copolymer (1:1) (MC312) 
3,4-Cyclohexanone - Tetraethyletiepentamine Copolymer (1:1.) (MC332). 
2,4-Pe»tanone - l,4-Bis(3-aminopropyl)piperazine Copolymer (1:1) (MC340) 
2,4-Peniaiione - Tetraethyknepentamiae Copolymer (1:1) {MC347J. 
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1 ,5-Hexafluoro- 2,4-Fentanone - M-Bis(3«»mmopropyl)pipera2ine Copolymer (1:1) 
(MC339) 

5 1 ,5-Hexafluoro-2.4-Peatano»e - Tetraerhylenepentanune Copolymer (1:1 } (MC346). 

Example V) Synthesis of Poly-L-Glutamte acid (octamer) - Glutaric Diaidehyde 
Copolymer (MCI 51). 

10 H'N-EEEEEEEE-NHCMjCHj'NH? (5.5 mg, 0.0057 ramol, Genesis) was taken up m 0 4 ml 
HjO. Glutaric diaidehyde (0.52 uL s 0.005? mmei, Aldrich Chemical Company) was added 
and the mixture was stirred at room temperature. After 10 mm the solution was heated to 70 
SE. After 15 hrs. the solution was cooled to room temperature and diaiyzed against H 2 0 
(2x2L f 3500 MWCO). Lyophilizaiion afforded 4.3 mg (73%) poiy-glutaraie acid (octamer) - 

I S glutaric diaidehyde copolymer. 

Example W) Synthesis of D»-(2-»«eliiyi-4-ai«inoiBethyl-1 ,3-dioxolane)4,4- 
betvzene - Glutaric Diaidehyde Copolymer (MC352)* 

To a solution of dK2^e%M-aminomethyt-l 5 3-d»xo1aae)«i,4-ben2soe (23 mg„ 75 jumol) 
20 in dimethylformarnidc (200 pL) was added glutaric diaidehyde (7.5 mg, 75 umol, Aldrich 
Chemical Company). Hie reaction mixture was heated at 80*C for 6 hrs under nitrogen. Hie 
solution was cooled to room temperature and used without further purification, 

Example X) Synthesis of Di~(2-methy-4-hydroxyiJiethyl{glydne ester>l,3- 
25 diosolane>-l ( 4,benzene - Glutaric Diaidehyde Copolymer (MC357), 

To a solution of di-(2-methy-4-hydroxymethyI(glycme ester)-i,3-dioxolajie)-i,4 > beru»ne (35 
mg, 82 fimot) m dimethylfonnamide (250 p.L) was added glutaric diaidehyde (8.2 mg, 82 
pmoL Aldrich Chemical Company). The reaction mixture was heated at 80"C for 12 hrs The 
solution was cooled to room temperature and used without further purification. 
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Example Y) Synthesis of Poiyviny!(2-{>henyl-4-hydroxyindhyi-l,3-dioxo!iaiie) 
from the reaction of Poiy^inylphenyl Ketone and Glycerol. 

Polyvinyl phenyl ketone (500 mg, 3.7* mmoL Aldrich Chemical Company) was taken up m 
20 rat dicMoromethane. Glycerol {304 uL : . 4.16 mmol, Acros Chemical Company) was 

5 added followed by p-tolacnesuifonic acid monohydrate (108 mg, 0,57 mmoL Aldrich 
Chemical Company). Dioxane (10 ml) was added and the solution was stirred at room 
temperature overnight. After 16 hrs. TLC indicated the presence of ketone. Tine solution was 
concentrated under reduced pressure, and the residue dissolved in dimethyl formamide (7 
mL). The solution was heated to 60 X for 16 hrs. After 16 hrs, TLC indicated the ketone had 

10 been consumed. Dialysis against H 2 0 ( lx3L, 3500 MWCOX followed by iyophiihsation 
resulted in 606 mg (78%) of the ketal. Ketone was not observed in the sample by TLC 
analysis, however, upon treatment with acid, the ketone was again detected. 

Example Z) Synthesis of Polyviny!<2-mcthyl-4-hydroxymethyl(succmk 

15 anhydride ester )-l,3-dioxolanc. 

To a solution of poiyvmyl(2-methyM-hydroxymediyl-l,3-dioxolane) (220 mg. 1.07 mmol) 
in dichioromethane (5 mL) was added succinic anhydride (16) mg, t. 6 mmol, Sigma 
Chemical Company), followed by diisopropylethyl amine (0.37 mL, 2.1 mmol, Aldrich 
Chemical Company) and the solution was heated at reflux. After 1 6 hrs, the solution was 

20 concentrated, dialyzed against H 2 0 ( 1 x3L, 3500 MWCOk and lyophilized to afford 230 mg 
(75%) of the ketal acid polyvinyH2-methyW4iydro.vyme%l(succmic anhydride esterH,3- 
dioxolane 

Example AA) Synthesis of Ketal from Polyvinyl Alcohol and 4~Acetylbutyr»c 

25 Acid. 

Polyvioylalcohol (200 rag, 4.54 mmol, 30,000-60,000 MW, Aldrich Chemical Company) was 
taken up in dioxane (10 mL). 4-acetylbutyric acid (271 pi. 2 27 mmol, Aldrich Chemical 
Company) was added followed by p-toluenesuifonic acid monohydrate (86 mg, 0 45 mmol, 
Aldrich Chemical Company). After 16 hrs, TLC indicated Ihe presence of ketone. The 
30 solution was concentrated under reduced pressure, and the residue dissol ved, in 

dime&yifomiamide (7 mL). The solution was heated to 60 X. for 16 hrs. After 16 hrs, TLC 
indicated the loss of ketone in me reaction mixture Dialysis against H2O (!x4L, 3500 
MWCO), followed by lyophilizadon resulted id 145 mg (32%) of the ketal. Ketone was not 
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b 1 the sample by TI..C ana i s t icid, the ketone \ 

again detected. 

Example AB) Partial Esterification of Poly-Glutsmie Acid with DS-(2-methyM- 
5 hydro*ymethyM,3~di0xolaneM,4-betizene (MC 196). 

To a solution of poly-L-glutamic acid (103 mg, 792 junol, 32,000 MW, Sigma Chemical 
Company) in sodium phosphate buffer (30 raM) was added I~(3-dtraethyJaminopiopyI}~3- 
ethyicarbodumide hydrochloride {129 mg, 673 umol, Aldrich Chemical Company), followed 
by dHl^c1hyM-feydroxyi!iethyl-13-dioxoiane)-l,4-ben2»»e (25.0 mg, 80.5 pmol), and a 
10 catalytic amount of 4-dsmethyiatnmopyridine. After 12 hrs, the reaction mixture was 

dialyzed against water (2xiL, 12,000-14,000 MWCO) and lyophihzed to afford 32 mg of 
poiy-gliitamk acid partially estenfied with di-(2-niethyM-hydroxyroethyl~13-dioxoIane)-- 
! ; 4-beazene. 

IS Example AC) Aldehyde Derivatizalion of the Poiy-Glntamic Acid Partially 

Esterifkd with Di-(2-methyM-hydr oxyraethyl-l ,3-dtoxolane>- 1 .,4-bens«»e. 

To a solution of succinic semialdehyde (2 .4 mg, 23 umol, Aldrich Chemical Company), in 
water (100 jiL) was added l^;3-dimethyi^j»opropyl)4~elhylcarbodjjjnide hydrochloride 
(4.7 mg, 2.4 janoi, Aldrich Chemical Company) followed by N-hydroxysuccinimide (2.8 mg, 
20 24 pmol, Aldrich Chemical Company). The reaction was stirred at room temperature for 20 
min. Formation of the M-hydroxy$uccmie ester of succinic semialdehyde was confirmed by 
mass spectrometry. 

Poly-giutamic acid partially esterified with di-(2-meihyl-4-hydroxymethyl-l ,3-dioxoiane)- 
25 l,44>enzene (15,0 mg, 1 i 5 amol) was taken up in water (100 pL) and added to the 
hydroxysuccinie ester of succinic semialdehyde, followed by a crystal of 4- 
dimethylaminopyridine . The reaction mixture was stirred overnight at room temperature. 
After 12 hrs the reaction mixture was dsahzed against water (2xlL, 12,000-14,000 MWCO) 
and lyophdized to afford 3.0 mg. After dialysis the product tested positive for aldehyde 
36 content with 2,4-di-aitfopheny {hydrazine . 

Example AO) Synthesis of a Siiyl Ether from Polyvtnylalcohol and 3- 
Ainbiopropyltrtmethoxysilane (MC221), 
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To a solution ofpoiyx nyiaicohol (520 mg, i 1 8 mmoi (OH) JO vpA Sigi 

Chemical Company) in dimemyiforroamide (4 mU was added 3- 
aminopropylfrimethoxysUane (! .03 ml, 5.9 xnraoL Aldrich Chemical Company) and the 
solution was stirred at room temperature. After 2.5 hrs, a 20 pL aliquot of the reaction 
mixture was removed and added to pDNA (pCI Lue) {100 p.g) in 25 mM HEPES buffer at pH 
7.5 {500 jiL) to test for polyamine formation {pD'NAramine 1:3). Particle sizing (Brookhavea 
Instruments Copofation, ZetaPhts Particle Sizer, 190, 532 tan) indicated an effective diameter 
of 3000 am {1.3 mcps) md < ati v ■ DNA condensation and particle formation. An aliquot of 
1 N HC1 {40 jtiL) was added to the sample, and the particle size was again measured. After 1 
mm of exposure to the acidic conditions, the particle size was 67,000 am {600 keps). After 
10 min, particles were no longer present within the sample. 
The sample was dried under high vacuum to afford 1 .0 g (83%) white solid. 

By similar methods, the following polymers were constructed: 

Siiyl Ether from Poiy-L-Argmine/4,-Serme(3;l) and 3-Ammopropylti>imetH0iysil«Be 
(2:1) (MC358). 

Poly-L-ArgiisinftAL-Scri.ne(3 :l) {20,000-50,000 MW, Sigma Chemical Company) 
3-Amiiiopropyimmethoxysilane (Aldrich Chemical Company) 

Siiyi Etiier from Poiy~DL~Serine and 3-AimnopropyItrimethoxysiianc (3;1) (MC366). 
Poly-DL-Serine (5,000-15,000 MW, Sigma Chemical Company) 
3-AR)(iiopropyhdmethoxysilane (Aldrich Chemical Company) 

Silyl Etiier from Poly-DL-Serine and 3-AmiRopmpyltr«methoj;ysila«e (2:1) {MC367). 
Poly-DL-Seriae (5,000-15,000 MW, Sigma Chemical Company) 
3~Aminopropyhdmethoxysilane (Aldrich Chemical Company) 

Sflyl Ether from Poly-DL-Scrine and N-f3-{Triethftxj'siiyl)propylH,5-dihydrojmidizole 
(3:1) (MC369). 

Poly-DL-Serine (5,000-15,000 MW, Sigma Chemical Company) 
M-i3-{Triethoxysflyi)p pyl]-4,5-dihydroimidi2o! (Unite< ( heretical Technologies 
Incorporated) 
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Silyl Etfcer from Poly-DL-Seiine and N-Trimethoxy$iJyipropyl-N,N,N- 
trimethylammomum chloride 0x1) (MC370), 
Poiy-DL-Serme (5,000-15,000 MW, Sigma Chemical Company) 
N-Triro«tfaoxysilylpmpyI-N,N,N4i^ethyiammoeium chloride (United Chemical 
Technologies, incorporated) 

Sslazane from Poly-L-Lysine and ^AminopropyHrimethoxystlane (2:1) (MC360). 

Poly(l,l~Bimethylsiiazane) Toiemer (MC222). 

Sample was obtained from United Chemical Technologies, Incorporated. 

EXAMPLE 2 

Transfection with pH-sensttive compounds and/or membrane active agents 

A) Is Vitro Transfection with BNA-PLL-KLj and dimeihylm aleamie Kt> 

Toacomptexof plasmid DNApCfluc (lOjtgAnL, -075 mM in phosphate, 2.6 jjg/pJL 
pCUue; prepared according to Danko f I. Williams, P., Herweijer, H. Zhang, G, t Latendresse, 
J.S., Bock, I, Wolff, JA. Hum. MoL Gemties 1997, 6. 1435.) and poly-L-iysme (40 }ig/raL) 
in 0-5 ntL of 5 mM HEPES pH 7.5 was added sucemyiated poly-L-lysme (34,000 MW, 
Aldrich Chemical}. 2,3-dimemylmaieamic meiittm and 2,3-dimethylmaieanric KLj, the 
0N:A-poH'-I,4ysine-2 ; 3-dimetiiylmaleamic peptide complexes were then added {200 pL) to 
wells containing 313 moose embryonic fibroblast cells in 290 mM glucose and 5 mM 
HEPES buffer pH 7.5. After 1.5 h, the glucose media was replaced with Dnbeieo's modified 
Eagle Media and the ceils were allowed to incubate for 48 h The cells were men harvested 
and then assayed for hiciferase expression as previously reported (Wolff, 3.A., Maione, R.W., 
Williams, P., Chong, W., Aesadi G.. Jani, A. and Feigner, PJL Direct gene transfer into 
tnonse muscle in vivo. Science, 1465-1468, 1990.), A Liimat LB 950? (EG&G Berthold, Bad- 
Wildbad. Germany) ktminometer was used. The amount of transfection was reported in 
relative Sight units and is the average transfecuon for two separate wells of ceils. 



op; < 



Relative Light Units (Relative to 
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Succinyiated poly-L-lysirse) 


Succinyiated po!y-L-Jysme 


6410(1) 


KL-i 


261 (0.04) 


2,3-dimemvlmaleamic KL 3 


49535(7.7) 



B) In Vitro Transection with DNA-PLL complexes with dimethylmaieamk 
KL 3 and diraethylmaleaniic KL3-PLL. 

5 To a complex of plasm id DNA pOlue ( 1 0 fig/raL, prepared according to Banko, I, 

Williams, P., Heme tier, H. Zhang, G, Latendresse. J.S., Book, I., Wolff, LA. Hum. Mat 
Qm&tm 1997, (5, 1435.) and poiy-L-lysme (40 pg/mL) in 0.5 j»L water was added 10 rag of 
2,3-dimethylmaleamie -KL ;( -PLL or 2>dsmemylmaieamic -KJU. The. DNA-poiy>L-iysine- 
2,3-dimethyitnaieanijc peptide complexes were then added (200 jiL) to a well containing 3T3 

to mouse embryonic fibroblast ceils in opti-MEM- After 4 h, the media was replaced with. 90% 
Dabelco's modified Eagle Media and 10% fetal bovine serum the cells were then allowed to 
incubate far 48 h. The cells were then harvested and then assayed for iuciferase expression 
as previously reported (Wolff, LA., Malone, R.W, Williams, P., Chong, W., Acsadi, G„ Jam, 
A, and Feigner, P L. Direct gene transfer into mouse muscle in vivo. Science, 1465-1468, 

1 5 1990.). A Lumat LB 9507 (EG&O Berthold, Bad-Wildbad, Germany) luminometer was used. 
The amount of tiansfection was reported in relative light units and is the average transection 
for two separate wells of ceils. 



2,3-dimethyjmaleamic peptide 


Relative Light Units 


? 3-dirm >* v m ts anuc KL. 


20927 


2,3-dimethyh laieam cKl ,-PLL 


130478 



20 



C) hi Vitro Transaction with DNA-PLL complexes with dimethylmaieamk 
KLy-PLL, 2-propm«k-3~methy!maieamic KL-3-PIX, and succmimk KLj-PLL. 

To a complex of plasmid DNA pClkcc (10 ^tg/raL, prepared according to Danko, L, 
25 Williams, P., Herweijer, H Zhang, G„ Latendresse, J.S., Bock, L, Wolff, LA. Hum. Mot. 
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< hfieties 1907. 6, 1435 > and poly-i -h sine (4 > u • mL) in 0 5 mL water was added 25 Jig of 
2,3-dimethyImaleamic -KLj-Pl-L, 2i>ropionic-3-raethyimaleaimc KLj-PLL, and sacctnimic 
KLi-PLL, The DNA-poly-L-lysirse-pepude complexes were then added (200 pL) to a well 
containing 3T3 mouse embryonic fibroblast cells in opti-MEM media. After 4 h, the media 

S was replaced with 90% Dubeko's modified Eagle Media and 10% fetal bovine scnim the 
ceils were then allowed to incubate for 48 h. The cells were then harvested and then assayed 
for loxiferase expression as previously reported (Wolff, LA., Malone, R.W., Williams, P., 
Cheng, W\ Acsadi, G., Jani, A. and Feigner, P L. Direct gene transfer into mouse muscle in 
vivo. Science, 14654468, 1990.). A Lumat LB 950? (BG&G Berthold. Bad-Wiidbad; 

10 Germany) iumiiiemeter was used. The amount of transfection was reported in relative light 
units and is die average transfection for two separate wells of cells. 



Modified peptide 


Relative Light Units 


2,3-dimethylmaieamic KLj-PLL 


96221 


propionii >-meihylmaleamic KL 3 -PLL 


102002 


UCCWiliS .5 PS i 


21206 



15 

£>> In Vitro Transfeetion with DNA-PLL with 23-dimethybnaleanik- 
modified lipids. 

To a complex of piasmid D'NA pCiluc (10 pg/raL, 2.2 ug/pL pCiluc; prepared according to 
Danko, I, Williams, P., Herweher, H. Zhang, G, Latendresse, J.S., Bock, 1., Wolff, J A 

20 Hum, Mol Genetics 1997, 6, 1435.) and poly-L-lysine (40 pg/roL} in 0.5 mL of deionized 
water was added 800 pg glycine followed by 40 pg 2,3-di.mediylraaleie DOG, 2,3- 
dhn©thylmalearaicMC21 3, 2,3-dtmethy lmaleamicMC303, or 2,3-dimethyl.maleamie-DOP.E. 
The DNA-poly-L-lysine-2.3-dimethylmaleamic-modified lipids were then added {200 pL) to 
a well containing opti-MEM media. After 4 h, die media was replaced with 90% Dubelco's 

25 modified Eagle Media and i '> ' c ' -re then allowed to incubate 

for 48 h. The cells wens then harvested and then assa t st \ 

previously reported {Wolff, J. A., Malone, R.W.. Williams, P., Chang, W., Acsadi, G.< Jani, 
A. aad Feigner, P.L. Direct gene transfer into mouse muscle in vivo. Science, 14654468, 
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1990.}. A Lumat LB 9507 (EG&G Berthold, Bad-Wiidbad, Germany) luminometer was used. 
The amount of transfectton was reported in relative light units and is the average fcansfection 
for two separate wells of cells. 



5 



2,3-dimefhylmdeamic~modified lipids 


Relative Light Units 
(Relative topo!y-L~iysine) 


No lipid 


6000 i 1 1 


MC213 


91356 (15) 


MC303 


469756 (78) 


DOPE 


243359 (40) 


DOG 


193624 (32) 



E) Transfectioo of HELA Cells with Histone Hi and the Membrane Active 
peptide melittin, dimethylmaleic modified melittin or succinic anhydride niodifed 
10 melittin. 

Three complexes were formed: 
Complex I) To 300 pL Opti-MEM was added Histone Hi [(22 pg, Sigma Corporation) 
followed by the peptide Melittin (20pg) followed by pDNA (pCi Luc, 4 pg). 
Complex II) To 300 pL Opti-MEM was added Histone Hip 2 pg, Sigma Corporation) 
1 5 followed by the 23-dimemyimaleic modified peptide Melittin (20pg) followed by pDNA 
(pCi Luc, 4 pg). 

Complex HI) To 300 pL Opti-MEM was added Histone H 13)1 2 pg, Sigma Corporation) 
followed by the succinic anhydride modified peptide Melittin (20pg) followed by pDN A 
(pt-1 Luc, 4 pg), 

20 Transfcctions were carried out in 35 mm wells. At the time of transfection, HELA 

cells, at approximately 60% conilueney. stored in complete growth media, DMEM with 10% 
fetal bovine serum (Sigma). 150 1 1 of complex was added to each After an incubation of 48 
hours, the cells were harvested ant: die lysate w as assayed for lueiferase expression as 
previously reported (Wolff, J. A., Mabne, R.W., Williams, P., Chong, W„ Aesadi, G., Jam, 
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A. and Feigner, FX. Direct gene transfer into mouse muscle in vivo. Science, 14654468, 
1990.}. A Lumat LB 9507 (EG&G Berthold. Bad-Wildbad, Germany) iuramometer was used. 
The amount of tiaasfection was reported n r< iati « light units and is the average * ms cti n 
for tvvo separate wells of cells. 

5 

Results: 

Complex ! : RLU = 2J61 
Complex II : RLU - 105,909 
Complex HI: RLU - 1,056 

10 

The 2,3-dimetiiyimaieic modification of the peptide melittin allows the peptide to 
complex with the catioaic protein Historic HI and then cleave to release and reactivate in the 
lowered pH encountered by the complex in the cellular endosomal compartment. This caused 
a significant increase in luciferase expression over either unmodified melittin peptide or 
15 melittin peptide modified with succinic anhydride which allows compiexing with Hrstone HI 
but will not cleave in lowered pH. 

F) Traasfection of 3T3 Cells with Dioleoyl :i,24)jac? 
TrirasthySammoniura-Propatje (DOTAP) and the membrane active peptide KL3 
20 conjugated to dimettiyimaleic modified Polyallylaraine (DM-PAA-KL3) and poly-L- 
lysine or L-cystine- l,4-bis(3-amitiopropyl)piperazine copolymer. 

Three complexes were formed: 
Complex I) To 250 pL 25mM HEPES pH8i) was added DOTAP 300 pg, Avanti Polar Lipids 
25 lac) 

Complex 11} To 250 pL 25mM HEPES pH'8.0 was added DOTAPP00 pg, Avanti Polar 
Lipids inc) followed by DM-FAA-KLs (H)pg) followed by poly ^-lysine {tOpg, Sigma). 
Complex ill) To 250 pX 25mM HEPES pHS.O was added DOTAP3B00 pg t Avanti Polar 
Lipids inc) followed by DM4»AA«KL S (lOpg) followed by L-cystine - 1 ,4-bis{3~ 
30 aminopropyl )piperazme copolymer (lOpg). 
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siex v sre formed by 5 minutes of bath sortieatton then 
purified in batch by addition of 250al of DEAE sephadex A-25. DNA (25ug, pCILoe}was 
then added to the supernatant containing the purified liposomes of each complex 

TraKsfectionB were carried out in 35 mm wells. At the time of transaction, 3T3 

5 cells at t p| n xmiarelj 60% confluency, stored in complete growth media, DMEM with 10% 
fetal bovine serum (Sigma). 50 IE of complex was added to each well. After an incubation 
of 48 hours, the cells were harvested and the lysate was assayed for luciferase expression as 
previously reported (Wolff, J.A., Malone, R.W., Williams, P, t Chong, W Aesadi, 0.,lani s 
A. and Feigner, P.L. Direct gene transfer into mouse muscle in vivo. Science, 1465-1468, 

to 1990.). A Lumat LB 950? (EG&G Berthold, Bad-Wiidbad, Germany) Inmmometer was used. 
The amount oftransfeetion was reported m relative light units and is the average transfection 
for two separate wells of ceils. 

Results: 

15 Complex ! : RLU = 167 
Complex 11 : RLD * 60,092 
Complex III: RLU « 243,986 

The 2,3-diatethylmaleic modification of DM-PAA-KL3 allows the polymer to 
20 complex with the cationic polymer L-cysttne - 1 ,4-bis(3-amrnopix>pyl)ptperazine copolymer 
and then cleavage of the 2,3-dimethylmaleamtc gamp to release and reactivate in the 
disulfide reducing environment encountered by the complex in the cell. This caused a 
significant increase in luciferase expression over either DOTAP complexes alone or DM- 
PAA-KL3 complexes! with poly-L-iysiiie that will not cleave in the reducing environment 
25 encountered by die complex in the cell. 

Example G) Transfection of 3T3 Cells with Complexes of pCI Luc 
pDNA/Cationtc Polymers Caged with Compounds Containing Acid Labile Moietys. 

30 

Several complexes were formed' 

Complex h To a solution of pDNA (pCI Lac, 20 jig) in IfeO (400 U.L) was added LT- 1* 
(60 pg. Minis Coloration). 
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Complex Mr To a solution ofpDNA (pCI Luc. 20 pg) m HA (400 pL) was added PLL (36 
fig in 3.6 pL HA 32,000 MW, Sigma Chemical Company). 

Complex Ml: To a solution ofpDNA (pCI Lae, 20 pg) in HA (400 pL) was added PLL (36 
pg in 3.6 pL HA 32,000 MW, Sigma Chemical Company) followed by DTBP (60 pg in 6 
pLJHbO, Pierce Chemical Company), 

Complex IV: To a solution ofpDNA (pCI Luc, 20 pg) in HjO (400 pi.) was added PLL (36 
pg in 3.6 pL HA 32,000 MW, Sigma Chemical Company) followed by DTBP (60 pg in 6 
pL HA Pierce Chemical Company) followed by N.N'-dioleoyP 1 ,4-bis(3- 
aminopropyllpjpcrazfnc (H) pg, 2 pg/pL in EtOH). 

Complex V: To a solution ofpDNA (pCI Luc, 20 pg) m HA (400 pi) was added PLL (36 
Pg in 3 .6 pL HA 32,000 MW, Sigma Chemical Company) followed by MC2 11 (87 pg in 
8.7 pL dimethylfonuamide). 

Complex VI: To a solution ofpDNA (pCI Luc, 20 pg) in H 2 0 (400 pL) was added PLL (36 
m *» 3.6 pi. HA 32,000 MW, Sigma Chemical Company) followed by MC21 1 (87 pg in 
8.7 pL dimediyifcmtaniide) followed by KN , ^ioleoy{-L4-bis(3-aininopropyl)pipemziae (10 
pg, 2 pg/pL in EtOH). 

Complex VII: To a solution ofpDNA (pCI Luc, 20 pg) in H 2 0 (400 pL) was added Histone 
HI (120 pg in 12 pL HA Sigma Chemical Company). 

Complex VHP To a solution of pDNA (pCI Luc, 20 pg) in HA (400 pL) was added Histone 
HI (120 pg in 12 pL H 2 0, Sigma Chemical Company) followed by DTBP (100 pg in 10 pL 
HA Pierce Chemical Company). 

Complex IX: To a solution of pDNA (pCf Luc, 20 pg) in H 2 0 {400 pL) was added Histone 
Hi (120 pg in 12. pL HA Sigma Chemical Company) followed by DTBP (100 pg in 10 pL 
HA Pierce Chemical Company) followed by N,N*-<lieleoyl-L4-bis{3- 
aniffiopropyOpiperazine (10 pg, 2 pg/pL in EtOH). 

Complex X: To a solution ofpDNA (pCI. Luc, 20 pg) in H 2 0 (400 pL) was added Histone 
HI (120 pg in 12 pL HA, Sigma Chemical Company) followed by MC21 1 (145 pg in 14 5 
pL dimemyiformamide). 

Complex XI: To a solution ofpDNA (pCI Luc, 20 pg) in H 2 0 (400 pL) was added Histone 
HI (120 pg in 12 pL HA Sigma Chemical Company) followed by M.C2 1 1 (145 pg in 14,5 
pL dimsthylfontiamide) followed by N.N'-dsoSeoyP.i 5 4-bis(3-aminopiopyl)piperazine (10 pg, 
2pg/pLiuEtOH). 
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Transfections were carried out in 35 mm wells. At the time of transfection, 3T3 cells, 
at approx raatdy 50% confluency. were washed once with PBS (phosphate buffered sal mci 
and subsequently stored m scram-free media (2.0 ml, Opti-MEM, Gibeo-BRL). 100 ]lL of 
complex was added to each well, Aftera 3.25 h iacateiou period at 37 *C, the media 
containing the complexes was aspirated from the cells, and replaced with complete growth 
media, DMEM with 1 0% fetal bovine serum (Sigma). After an additional incubation of 48 
hours, the cells were harvested, and the iysate was assayed fox luciferase expression as 
previously reported (Wolff, JA.,Makme, R.W., Williams, P., Cbong, W., AcsadL Jam, 
A. and Feigner, P.L, Direct gene transfer into mouse muscle in vivo. Science, 1465-1468, 
1990.}. A Lumat LB 9507 (EG&.G Betthoid, Bad-Wildbad, Germany) lurainometer was used. 
The amount of transection was reported in relative light unite and is the average transfecrion 
for two separate wells of cells. 



Complex I: 2,467,529 RLU 
Complex II: 10,748 RLU 
Complex M: 377 RLU 
Complex IV: 273 RLU 
Complex V: 7 J 74 RLU 
Complex VI 71,338 RLU 
Complex VII: 162,166 RLU 
Complex VIII: 1 ,336 RLU 
Complex IX: 162,166 RLU 
Complex X: 5 1,003 RLU 
Complex XI, 3,949,177 RLU 



The transfection results indicate that caging carionic pDN A complexes (PEL or Htstone HI } 
with BTBP reduce the amount of expressed luciferine. Caging of the cationic pDNA 
complexes with MC23 1 results .in an increased amount of expressed luciferine relati ve to the 
DTBP examples. 
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In Vive Traasfectiens 

Example H) Mouse Tail Vein Injections of Complexes of pBNA (pO Luc) / 
Polymer Containing Acid Labile Moieties; 

5 

Exswnple HI) Mouse Tail Vein Injections of Complexes of pBNA (pCi Luc)/ L4~ 
Bis(3-ammopropyl)piperazine Giutaric Oialdehyde Copolymer (MC 146). 

Three complexes were prepared as follows: 
Complex I pDMA (pCI Luc 50 pg) in 12 5 mL Ringers. 
10 Complex 11: pDNA (pCI Luc, 50 pg) was mixed with. l,44}is(3-mnmopropyl)piperazi»e 
giutaric dialdehyde copolymer (50 pg) in 1.25 m.L HIjP.ES 25 mM, pH 8. This solution was 
then added to 1 1.25 mL Ringers, 

Complex HI: pDNA (pCI Luc, 50 pg) was mixed with poly-Wysine (94.5 pg, MW 42,000, 
Sigma Chemical Company) in 12.5 mL Ringers. 
IS 2.5 mL tail vein injections of 2.5 mL of the complex were preformed as previously described. 
Luciferase expression was determined as previously reported (Wolff, LA., Maloae, R.W., 
Williams, P., Chong, Aesadi, G., lani, A. and Feigner, P.L, Direct gene transfer into 
mouse muscle in. vivo, Science, 14654468, 1990,), A Lumat LB 9507 (EG&G Berthoid, Bad- 
Wiidbad, Germany) lumiaoraeter was used. 

20 

Results 2,5 mL injections 
Complexl: 3,692,000 RLU 
Complex 11: 1,047,000 RLU 
Complex ill: 4,379 RLU 

25 

Results indicate an increased level of pCI Luc DNA expression is pDNA / L44jis{3- 
aaiiaoprop%l«i staric diaidel « <ner complexes over pCI 'Luc DNA/poly- 

L4ysine complexes. These results also indicate that the pDNA is being released from the 
pDNA / l»44ljs<3-aminopropyl)pipera2rine-glutane dialdehyde copolymer complexes, and is 
3f) accessibi e fa r transcription . 

Example H2A) Mouse Tail Vein Injections of Complexes of pBNA (pCI Luc)/ 
lauae Containing Copolymer's. 
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By similar methods described above, several additional complexes were prepaired from imme 
containing polymers at a 3:1 charge ratio of polycarion to pDNA. 
Complex 1 : pDNA (pCl Lee, 50 jig) 

Complex IL pDNA (pCl Luc, 50 MgVMC229 

5 

2,3 mL tail vein injections of 2.5 mL of the complex were preformed as previously described. 
Luciferase expression was determined as previously reported {Wolff J. A., Maione, RW, 
Williams, P., Cheng, W„ Acsadi, G. ? Jani, A. and Feigner, P.L. Direct gene transfer into 
to mouse muscle in vivo. Science, 1465-1468, 1990.). A Lumat LB 950? ("EG&G Berthold, Bad- 
Wildbad, Germany) tuminometer was used. The amount of transfeciion was reported in 
relative light units and is the average transfecrion ibr n separate animals. 

Results: 2.5 mL injections 
M Complex I: n=3 3,430,000 XLV 

Complex U: n«3 21,400,000 RLU 

Tire results radicals that the pDNA is being released from the pDNA / imine containing 
W copolymer complexes, and is accessible for transcription. 

Example H2B) Mouse Tall Vein Injections of Complexes of pDNA (pCf Luc)/ 
Indue Containing Copolymer's. 

25 By similar methods described above, several additional complexes were prepaired from inline 
containing polymers at a 3;1 charge ratio of potycatum to pDNA 

Complex 1: pDNA CpCI Luc, 50 pg) 

Complex II: pDNA ipCl Luc, 50 pg)/MC140-2 

30 Complex Til: pDN A (pCl Lac, 50 pg)/MC3 12 

2.5 mL tail vein injections of 2.5 mL of the complex were preformed as previously described 
Lucifcrase expression was determined as previously reported (Wolff, J.A., Maione, R.W., 
Williams, P., Cheng, W, Acsads, G, Jani, A. and Feigner, P.L. Direct gene transfer into 
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mouse muscle m vivo. Science, {465-1468, 1990.}. A Luraat LB 950? (EG&G Bermold, Bad- 
V\ 1 ib I Go man; ) luminometo >vas < sd ! as m t< w » o t ti ans * crion was reported in 
relative light units and is the average transfecion for :«. separate aremals, 

5 Results: 2.5 mL injections 

Complex I; a=l 9,460,000 RLU 

Complex 11: a~3 7,730.000 RLU 

Complex III: n-3 16,300,000 RLU 

10 Hie results indicate that the pDNA is being released from the pDNA / inline containing 
copolymer complexes, and is accessible for transcription. 



Example IDA) Mouse Tail Vein Injections of Complexes of pDNA (pCl Luc)/ 
Ketal Containing Copolymers, 

By similar methods described above, several complexes were prepared at a 3: i charge ratio 

of poly-cation io pDNA: 

Complex i: pDNA <pCI Luc, 50 pg) 

Complex »; pDNA (pCl Luc, 50 ug)/PLLT>TBP(Pierce Chemical Co., 50%) 

Complex ill: pDN A (pCl Luc, 50 Mg)/PLL-MC2 ! i (50%) 

Complex IV: pDNA (pCl Luc, 50 ug}/MC228 

Complex V: pDNA (pCl Luc, 50 pg)/MC208 



2.5 mL tail vein injections of 2.5 mL of the complex were preformed as previously described. 
25 Laciferase expression was determined as previously reported (Wolff, J.A., Malone, R.W, 
Williams, P., Chong, W., Aosadi, G, Jam, A and Feigner, PL. Direct gene transfer into 
mouse muscle in vivo, Science, 1465-1468, 1990.). A Luraat LB 9507 (EG&G Betthold, Bad- 
Wiidbad, Germany) lummometer was used. The amount oftransfection was reported in 
relative light units and is the average transfection for n separate animals. 

Results: 2.5 mL injections 

Complex! n«3 2,440,000 RLU 

Complex TI: n-3 110,000 RLU 

Complex Hi. n=3 292,000 RLU 
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Complex IV: n-3 119,000 RLU 

Complex V; o-3 3.59O,06OKLU 



Example H3B) Mouse Taii Vein Injections of Complexes ofpDNA (pCI Luc)/ 
Ketal Containing Copolymers. 

By similar methods described above, several complexes were prepared at a 3:1 charge ratio 
of polycalton to pDNA: 



Complex I: pDNA (pCI Luc, 50 pg) 

Complex II: pDNA (pCI Luc, 50 ug)/PLL~MC225<50%) 

Complex HI: pDNA (pCI Luc, 50 ug)/MC217 

Complex IV: pDN A (pCI Luc, 50 pg)/MC2 1 8 



2.5 mL tail vein injections of 2.5 mL of die complex were preformed as previously described. 
Luciferase expression was determined as previously reported (Wolff. LA., Makme, R.W., 
Williams, P., Cheng, W„ Acsadt, G., Jam, A. and Feigner, P.L. Direct gene transfer into 
mope muscle in vivo. Science, 1465-1468, 1990.). A LumatLB 9507 (EG&G Berthoid, Bad? 
Wiidbad, Germany) lurainometer was used. The amount of tfaasfeefcon was reported in 
relative light units and is the average trartsfeedon for « separate animate. 



Results: 2.5 mL injections 

Complex!: n-3 5,940,000 RLU 

Complex II: n=3 6 i 1 ,000 RLU 

Complex 111: a«3 5,220,000 RLU 

Complex IV: n 3 7,570,000 RLU 



Example H3C) Mouse Tail Vein injections of Complexes of pl>N A (pCI Luc)/ 
Eetal Containing Copolymers, 

By similar .methods described above, several complexes were prepared at a 3: 1 charge ratio 
of poly cation to pDNA: 

Complex 1: pDNA (pCi Lac, 50 pg) 

Complex It: pDNA (pCI Luc, 50 ug)/MC20S 
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Complex III: 



pDNA (pCI Luc, 50 i.ig;)/MC301 



2,5 niL tail vein injections of 2.5 raL of the complex were preformed as previously described. 
Luciferase expression was determined as previously reported {Wolff, J A., Matane, R.W., 
5 Williams, P., Chong, W., Acsadi, G., Jani, A. and Feigner, P.L. Dire c\ gem; ts msfer into 
mouse muscle in vivo. Science, 1465-1468, 1990 ). A Luraat LB 950? (EG&G Berthold, Bad- 
Wildbad, Germany) Itiminometer was used. The amount of transfection was reported in 
relative light unite and is the average transaction for n separate animals. 

10 Results: 2,5 mL injections 

Complex h n-3 3,430,000 RLU 

Complex 11: n-2 9, 1 10,000 RLU 

Complex III: n-3 8,570,000 RLU 

i; S Results indicate an increased level of pCI Luc DMA expression in Complex HI and Complex 
VII relative to Complex It indicating that when the acid labile horn obi functional amine 
reactive system (MC2U, MC225) is used, more pDNA is accessible for transcription relative 
to the non-labile homobimnetional amine reactive system (DTBP). These results also 
indicate that die pDNA is being released from the pDN A / ketal containing copolymer 

20 complexes, and is accessible for transcription. 

Example H4) Mouse Tail Vein Injections of Complexes of pjBNA {pCI Luc)/ 
Silicon Containing Polymers. 

25 By similar methods described above, several complexes were prepared at a 3;1 charge ratio 
of polycation to pDNA; 
Complex 1: pDNA (pCI Lue, 50 pg) 



Complex II: 
Complex 111 : 



pDNA (pCI Luc, 50 ug)/MC221 
pDNA (pCI Luc, 50 pg)MC222 
pDN A (pCI Luc, 50 pg}/Me223 
pDNA (pCI Luc, 50 fl g)/MC35S 



30 Complex IV: 



Complex V: 
Complex VI: 
Complex Vfi 
Complex VIII; 



pDNA (pCI Luc. 50 pgVMC35S recharged with SPLL (MC359) 

pDNA (pCI Luc, 50 pg>/MO60 

pDNA (pCLLuc, 50 Mg>'Poly-L-Arginme/~L-Serine<3: 1) 
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Complex iX: pDNA {pCI Luc, 50 m )M.C366 

Complex X: pDNA (pCI Luc, 50 t ig)/MC367 

Complex XI: pDNA (pCI Luc, 50 ug}/MC369 

Complex XH: pDNA (pCI Lac, 50 MgVMC3?0 

5 

2.5 mL tail vein injections of 2.5 mL of the complex were preformed as previously described. 
•Luctferase expression was determined as previously reported (Wolff. LA., Matone, R.W., 
Williams, P., Chong, W., Acsadi, 0.. jans. A, and Feigner, P L. Direct gone transfer into 
inoase muscle in vivo. Science, 1465-1468, 1990.). A Lumat LB 9507 (EG&G Beithold, Bad- 
10 Wildbad, Genu any > lum urometer was used. Hie amount oftransfection was reported in 
relative light units and is the average iransfccnon for n separate animals. 



Results: 2.5 mL injections 





Complex I: 


a«14 


14,564,000 RLU 


15 


Complex H: 


«~14 


14,264,000 RLU 




Complex III: 


h=9 


.13,449,000 RLU 




Complex IV: 


n«3 


6,927,000 RLU 




Complex V: 


n-3 


10,049,000 RLU 




Complex VI: 




13,879,000 RLU 


20 


Complex VII; 


n-3 


10,599,000 RLU 




Complex VB1; 


n*>3 


638.000 RLU 




Complex IX; 


n-3 


12,597,000 RLU 




Complex X: 


n=3 


1 3,093,000 RLU 




Complex XL 


n=3 


25,129,000 RLU 


25 


Complex XO: 


n*3 


15,857,000 RLU 



The results indicate that the pDNA js being released from the pDNA / Silicon containing 
polycahon complexes, and is accessible for transcription. Additionally, die results indicate 
that complex VIII (does not contain the silicon) is much less effective in the assay than is 
30 complex V Additionally, the results indicate that, upon the addition of a third layer, a 
polyanion (complex VI), die complex containing the silicon polymer allows for pDNA 
transcription. 
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Example G) Mouse intramuscular Injections of Complexes of pBNA {pO Luc) / 
Polymer Containing Add Labile Mmety(s): 
Complexes were prepared as follows: 

Complex I; pDNA. pDNA (pCl Lac, 60 j% 27 pL) was added to 0.9% saline (1173 

m> 

pDNAMC208 (1:0.5). To a solution of pDNA (pCl Luc, 60 pg, 27 pL) in 
0.9% saline (1 173 p.L) was added MC208 (0.19 pL, in 
diniethylformamide) . 

pDN A/MC208 ( 1 :3). To a solution of pDNA (pCl Luc, 60 pg) in 0.9% 
saline (1161 pX) was added MC20S (12 pL, in dimeAylfonnamide). 
pDNA/MC301 (1:0.5). To a solution of pDNA (pCi Luc, 60 pg, 27 pL) in 
0.9% saline ( 1 1 73 pL) was added MC301 (0.1 5 pL, in 
dimethylformamide). 

pDNA/MC301 (1:3). To a solution of pDNA (pCl Luc, 60 pg, 27 pL) in 
0.9% saline (1172 pL) was added MC301 (0.88 pL, in 
dimethylfonnamide). 

pDNA/MC229 (1:0.5), To a solution of pDNA (pCi Luc, 60 pg, 27 pL) in 
0.9% saline (1 173 pL) was added MC229 (0.09 pL, m 
dtmethylfomiamide), 

pDNA/MC229 (1 :3). To a solution of pDNA (pCl Luc, 60 pg ? 27 pL) in 
0,9% saline (1 172 pL) was added MC229 (0.59 pL, in 
dimethy Ifoxjis am ide ) , 

PDNA/MC140 (1:0.5). To a solution of pDNA (pCl Luc, 60 pg, 27 pL) in 
0.9% saline ( 1 1 73 pL} was added MC 140 (0.08 pL, in 
dimethylfbrmamide). 

pDNA/MC 140 (1:3). To a solution of pDNA (pCl Luc, 60 pg, 27 pL) in 
0.9% saline (1 173 pL> was added MC140 (0.48 pL, in 
di m e thy! formamide). 

pDNA/MC3 12 (1 0.5). To a solution of pDNA (pCi Luc, 60 pg, 27 pL) in 
0.9% saline (1 3 73 pL) was added MC3 12 (0.08 pL, in 
dimethylfonnamide). 



Complex II: 
Complex HI" 

10 

Complex IV: 
Complex V: 

IS 

Complex VI: 
20 Complex VII: 
Complex VHI: 

25 

Complex IX; 
Complex X: 
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Complex XI pDNA/MC312 (1 :3>. To a solution of pDNA (pCI Luc, 60 p gs 27 pL) in 
0.9% saline (1173 pL) was added MC31.2 (0.50 pL, in 
dimethyiformamide). 

Complex XII : pDNA/MC2 17(1: 0.5) . To a solution of p'DNA (pCI Luc, 60 pg, 27 pL) in 
S 0.9% saime ( 1 173 pL) was added MC21 7 (0.1 1 pL, in 

drmemylfomiamide). 

Complex Xffi: pDNA/MC21? (1:3). To a solution of pDNA (pCI Luc, 60 pg, 27 pJL) in 
0.9% saline (1 172 pL) was added MC217 (0.69 pL, in 
dimemylrermamide). 

10 Complex XIV: pDNA/MC221 (1:3). To a solution of pDNA (pCLLuc, 40 pg s 18 uL)k 

0.9% saline (785 pL) was added MC221 (1.3 pL, inH 2 0). 
Complex XV: p.DNA/MC222 (1 :3). To a solution of pDNA (pCI Luc, 40 pg, .18 uL) in 

0.9% saline (782 pL) was added MC222 {0.40 pL, in H 2 0). 
Complex XVI: pDNA. pDNA (pCI Luc, 100 pg, 45 pL) was added to 0.9% saline (1955 
IS pX). 

Complex XVII: pDNA/PLL ( 1 :3). To a solution of pDNA (pCI Luc, 100 pg, 45 pL) in 

0.9% saline (1943 p.L) was added PLL (32,000 MW, Sigma Chemical 

Company, 12 pL, m .HjO), 
Complex XV1I1: pDNA/PEI (1:3). To a solution of pDNA (pCi Luc, 100 p& 45 pL) in 0.9% 
20 saline (1 ,945 pL) was added PE1 (25,000 MW, Sigma Chemical Company, 

lOpLdOmg/mDJnHsG). 
Complex XIX; pDN A/Hi stoneH 1 (1:3) To a solution of pDNA (pCI Luc, 100 pg, 45 pX) 

in 0,9% saline (1,889 pL) was added Histone HI (Sigma Chemical 

Company, 66 pL (10 rag/mL) , in H2O). 



Direct musck \ject ! > > 00 pi f the < ^iv c were preformed as previously described 
(See Budker, V., Zhang, G , Danko, I., Williams, P., and Wolff, L, "The Efficient Expression 
Of Intravascular Delivered DNA In Rat Muscle," Gene Therapy 5, 272-6(1998}; Wolff, 
30 LA.,, Malone, R.W.. Williams, P.. Chong, W.. Acsadi, G.. Jam, A. and Feigner. P.L. Direct 
gene transfer into mo 1 - l"< Se^or da\ & post miurtion 

! ' e a .!■.., Is veie sac ific - and th muscle nan ted n^b'-' w< < hoxnogen I in ux 
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buffer (I aiL>, and cemrifaged for 15 minutes at 4000 RPM. Luciferase expression was 
determined is pre i ioi sK rej ort ;d K. suits r sported nr. foi die a\ erase ;xpn ssic i : ;>r the 
quadracep muscle (left and right qt.udraeep muscle /2) per number of animals (n). 



Results: 






Complex i: 


n=3 


473,148 RLU 


Complex IT; 


H=3 


328,054 RLii 


Complex ill: 


n-3 


104,348 RLU 


Complex IV: 


n=3 


228,582 RLU 


Complex V: 


n=3 


259,007 RLU 


Complex VI; 


:n«3 


989,905 RLU 


Complex VII 


n-3 


286,118 RLU 


Complex Vill: 


n=3 


433 J 77 RLU 


Complex DC: 


n=3 


46,727 RLU 


Coraples X: 




365.440 RLU 


Complex XI; 


n=3 


454 RLU 


Complex XII: 


»=3 


1,3 86,2 OS RLU 


CoinpiexXHI: 


n=3 


295 RLU 


Complex XIV; 


n-2 


352,639 RLU 


Complex XV: 


»-2 


459,695 RLU 


Complex XVI: 


«=10 


1,281,40? RLU 


Complex XVII: 


n-lfi 


2,789 RLU 


Complex XVHi: 


n=10 


340 RLU 


Complex XIX: 


»f10 


357 RLU 



25 

The complexes prepared f rom pCI Luc DNA and polymers containing acid labile monies are 
effective in direct muscle injections. The luciferase expression indicates that the pDNA is 
being released from the complex and is accessible for transcription. 

» EXAMPLES 

Synthesis of peptides and polyions 

A) Peptide synthesis. Peptide syntheses were performed using standard solid 
< < r ui t v i 1 MIX i ) ry. N-termii n •>he\an<%l 
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KLLKLLL KLW LKLLKL LLK L L-CO (AcRL 3 ) was synthesized according to published 
procedure {O'Brien-Simpson. N.M.. Ede, N J, Brown, L.E., Swan, J.. Jackson. B.C. J, Am. 
(Mm. Sue. 1997, 119,1183), 

s B) Coupling Kt 3 to poly{al!ylami»c). 

To a solution, of poly(aiiyiamme) (2ms) in water (0.2 mL) was added KL3 (0.2 mg, 
2.5 eq) and 1^3^im«%iatninopropyl)-3-e{hykarbcdimridehydroeh!oride (Img, 550 eq). 
The reaction was allowed to react: for 16 h and then the mixture was placed into dialysis 
tubing and dialyzed against 3x1 L for 48 h. The solution was then concentrated by 
K> SyophiUzation to 0.2 mL. 

C) Synthesis of L-cystine - l,4-bis(3-amjn©pi>opyi)ptpeimine copolymer 

To a solution of N,N'-Bis{t-BOC>-L-cystine (85 rag, 0.15 mmol) in ethyl acetate (20 
rat) was added N-N'-dieyclohexylcarbodiimide (108 mg, 0.5 mmol) and N- 

IS hydroxvsueciniraide (60 mg, 0.5 mmol). After 2 tar, the solution was filtered through a cotton 
plug and ! ! 4-bis(3-amii)opropyl)piperaj5ine ( 54 mL, 0.25 mmol) was added. The reaction 
was allowed to stir at room temperature for 16 h. The ethyl aeetete was then removed by 
rotary evaporation and the resulting solid was dissolved in triikoroacetic acid (9.5 mL), 
water (0.5 mL) and triisopropylsilane (0.5 mL). After 2 h, the triftuoroacebc acid was 

20 removed by rotary evaporation and the aqueous solution was dialyzed in a 15,000 MW cutoff 
tubing against water (2 X 2 1) for 24 h. The solution was then removed from dialysis tubing, 
filtered through 5 pM nylon syringe filter and then dried by lyopbilization to yield 30 mg of 
polymer. 

25 m Synthesis of 5,5'-Dithiobis(2-nii:rob€«zoic acid) - l,4~Bis(3- 

araumpropyl)pipcrazine Copolymer 

L4-Bis<3-ammopropyl)piperazine ( 10 mL, 0.050 mmol, Aldrich Chemical Company) 
was taken up in 1 .0 mL methanol and HC1 (2 mL, 1 M in Et20, Aldrich Chemical Company) 
was added, Et20 was added and the resulting HQ salt was collected by filtration. Hie salt 
30 was taken up in 1 mL DMF and 5,5'-dithiobisl succinimjdyl(2-nitrobenzoate)J (30 mg, 0.050 
mmol) was added. The resulting solution was heated to 80 C and diisopmpylethylam ine (35 
mL, 0.20 mmol Aldrich Chemical Company) was added by drops. After 16 hr, the solution 
was cooled, diluted with 3 mL H20, and dialyzed in 1 2,000 - 14,000 MW cutoff tubing 
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against water (2 X 2 L) for 24 h. 'Hie solution was then removed from dialysis tubing and 
dii v bs lyopbtlization to yield 23 mg i 2 4 ^ dithiobisl i> r t> > ^ acid) ~ i.4- 
bis(3-m3iawpropyI)pfpera^ns copolymer. 

5 E) Synthesis of polypropylacrylic add 

To a solution of diethylpropyhnalooate {2 g, 10 ramol) in 50 mL ethanol was added 
potassium hydroxide (0.55 g, 1 eq) and the mixture was stirred at room temperature for 16 
hours. The ethanol was then removed by rotary evaporation. The reaction mixture was 
partitioned between 50 mL ethyl acetate and 50 mL of water. The aqueous solution was 

to isolated, and acidified with hydrochloric acid. Tire solution was again partitioned between 
ethyl acetate and water. The ethyl acetate layer was isolated, dried with sodium sulfate, and 
concentrated to yield a clear oil To this oil was added 20 mL of pyridine, paraformaldehyde 
(0.3 g, 10 tnmol), and 1 mL pipendine. The mixture was refluxed at 130 *C until the 
evolution of gas was observed, ca. 2 hours. The ester product was then dissolved into 100 

IS mL ethyl ether, which was washed with 1 00 mL 1M hydrochloric acid, 1 00 mL water, and 
100 mL saturated sodium bicarbonate. Hie ether layer was isolated, dried with magnesium 
sulfate, and concentrated by rotary evaporation to yield a yellow oil. The. ester was then 
hydrolyzed by dissolving in 50 mL ethanol with addition of potassium hydroxide {0.55 gm, 
10 mrao!);, After 16 hours, the reaction mixture was acidified by the addition of hydrocMpric 

20 acid. The propylactylic acid was purified by vacuum distillation (0.9 g, 80% yield), boiling 
point, of product is 60 °C at 1 torr. 

The propyiacryiic acid was polymerized by addition of 1 mole percent of 
azobisisobatyonitrile and heating to 60 C C for 16 hours. The polypropylacryiie acid was 
isolated by precipitation with ethyl ether. 

25 

F> Synthesis of poly ]N-tcrminal acryloyl 6-ammohexanoyh 
KLLKLLLKLWLKXLKLLLKLL-COj(pAcKL 3 ). 

A solution of AcK.L3 (20 mg r 1.1 pmoi) in 0.5 mL of 6M guamdinium hydrochloride, 2 raM 
EDTA, and 0.5 M Tris pH 8.3 was degassed by placing under a 2 torr vacuum for 5 minutes. 
30 Polymerization of the aerylamide was initiated by die addition of ammonium persulfate (35 
«& 0.02 eq.) and N.KN,N«tctia n; Mt'n knediamine (I pX). The polymerization was 
allowed to proceed overnight. The solution was then placed into dialysis tubing (! 2,000 
molecular weight cutoff) and dialyzed against 3X2 L over 48 hours. The amount of 
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polymerized peptide (6 rag 3 f yiel } deter un - f mea uringt c si orbanceofthe 
top i * )nm using j exti n< 11 N < n^M" 1 (Gill. S.< * 

von HippeL P.H, Analytical Biochemistry {1989} 182, 319-326) 

5 EXAMPLE 4 

Kinetic analysis 

A) Kinetics of conversion of dimethyl maieamic modified poly-L-lysme to 
poly-L -lysine. 

10 Dimethyl maieamic modified poly-L-iysine (10 mg/raL) was incubated in 10 mM 

sodium acetate buffer pH 5. At various times, aiiquots. (10 jig) were removed and added to 
0.5 mt of 100 mM borax solution containing 0.4 mM trimtrobenzenesulfonate. A half aa 
hour later, the absorhance of the solution at 420 am was measured. To determine the 
concentration of sanities at each time point the extinction coefficient was determine for the 

I S product of trinitrobenzenesulfonate and poly »1. -lysine. Using tins extinction coefficient we 
were able to calculate the amount of amines and maieamic groups at each time point A plot 
of la (Ai/Ao) as a function of time was a straight line whose slope is the negative of the rate 
constant for die conversion of maieamic acid to amine and anhydride, where A t is the 
concentration of aialeamic acid at a time t and Ao is the initial concentration of maieamic 

20 acid. For two separate experiments we calculated rate constants of 0.066 sec' 1 and 0.1 5? sec'' 
■which correspond to half lives of roughly 10 and 4 minutes respectively. 

B) Kinetics of conversion of diinethyiraaleaimc modified KXs (DM- Kl.. 3 l to 

KL3 

25 Ditnethyl maieamic modified KL? (0. 1 mg/mL) was incubated in 40 mM sodium 

acetate buffer pH 5 and 1 mM cetyltrimetylaramoaium bromide. At various times, aiiquots 
(10 pg) were removed and added to 0.05 raL of 1 M borax solution containing 4 mM 
toaitjobenzenesiilfoaate A half an hoar later, the absorfaance of the solution at 420 nm was 
measured. To determine the concentration of amines at each time point, the extinction 

50 coefficient was determine for the product of trimtrobenzencsuifonaie and poiy-L-lysine. 
Using this extinction coefficient we were able to calculate the amount of amines and 
maieamic groups at each time point. A plot of in (A t /Ao) as a function of time was a straight 
line whose slope is the negative of the rate constant for the conversion of maieamic acid to 
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amine and anhydride where A, is the cc ic< m mon of mah aroic acid at a time t and A9 is tlx 
initial concentration of maleamic acid. We calculated a me constant of 0.08? sec' 1 that 
corresponds to a half life of roughly 8 minutes. 

5 C) Kinetics of hydrolysis of glycolic acid ethoxylate(4 units) 4-tert-bntv-M- 

cydohexadlene 

Giyeohe acid ethoxy!aie{4 units) 4 -tert-buty - i ,4 -cyclohexadiene (1 mg) was dissolved in 
placed into I mL of 1.5 mM sodium acetate pH 5 buffer. The absorfcance of the solution at 
225 tun, which is the wavelength at which enoi ethers absorb {Kresge, A.J.; Sagaiys, D.S.: 
io Chen, H I, J. C/ic/b. .Sot'. 1977, 99, 7228) was measured over time, A fit of the decrease 
ofabsorbance as a function of time by an exponential decay function had a rate constant of 
0.0159 mtn"\ which corresponds to a half-life, of 40 minutes. 

!>} Kinetics of hydrolysis of poly(oxy-l-/>ur«-ac€ttcphenoxynjethylethylene-cO' 
15 oxy-l-methylethylene) 

Poly(oxy4~/x?ra~aceiicpkenoxymethy^ (0 .16 mg/raL) was 

placed into 1 mL of 3 mM sodium acetate buffer pH 5. The absorbance of the solution at 225 
Sm' was measured as a function of time. The amount of time it took for the absorbance to 
decrease half of maximum was 37 minutes, i.e. the half-life of hydrolysis is 37 minutes. 

20 E) Particle Formation of poly(oxy-l-/?ara-acetjtcphen&symethylethylene-co-oxy- 

1-methyiethylene) as a Function of Acidification and Time. 
To a solution (0.5 mL) of 5 mM HEPES pH 8 was added poiy(oxy-l-/j«m- 
aceticphenoxyjnethylethyiene-co-ctxy- 1 -methy (ethylene) (54 jtg/ffiL) which had been 
sneubated for various times in the presence of 1 mM acetic acid (pH4-5), followed by die 

25 addition of poiyailylanime. The intensity of the scattered light and the size of the particle 
were measured (using a Brookhaven ZetaPius Particle Siaser) as a function of the amount of 
time the polymer was incubated under acidic conditions. 



Time at pB 4-5 (minutes) 


Size (am) 


Si ntc s tu i te 
(kilocounts per second) j 


^_ : 


231 


390 1 


i 




474 ] 




20& 


460 
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5 


224 


45f) 




124 


92 


39 


132 


250 



Example F) Kinetics of Cleavage of Ketal 

5 

Synthesis of Microspheres Containing Acid Labile Ketai Moieties; 

Example Fl) Esterifteatsoo of Carboxyfic Acid Modified Microspheres with 0i- 
(2-tnethyM-hydraxynietbyl-l ^-dioxoiane)-! ,4-be«xe«e. 

10 To a suspension of carboxyhc acid modified microspheres { 1000 pL, 2% solids. Molecular 
Probes) in H 2 0 (500 pX> was added l-<3-dimeth^amioopropyi)-3^tbykarbQdijmjde 
hydrochloride (7.0 mg, 36 umol, Aldrich Chemical Company), followed by di-<2-methyi-4- 
hydroxymethyi-l,3-dbxoiarse)-K4-henzene (23 mg, 73 pmol), and the suspension was stinted 
at mom temperature. After 16 hrs, die microspheres were removed by eentrimgation, Ute 

IS supernatant was removed and the pellet was resuspended in 1 5 mL H2O to wash. The 
microspheres were washed an additional 2 x 1 .5 mL H 2 0 and suspended in ImL rJ 2 0. 

Example F2) .Aldehyde Berivatizatioii of Esterified Carboxyiie Acid Modified 
Microspheres with Di-(2-methyl-4-hydroxymethyl~l,3-dioxoJane)-l ,4-benxene- 

20 To a solution of succinic semi.aldeh.yde (3.7 mg, 36 pmol, Aldrich Chemical Company) in 
M2O was added H3-dimediylaiiunopropyl)'3-ethykarhodsimide hydrochloride (8.7 mg, 46 
JimoL Aldrich Chemical Company) followed by N~ hydroxysucrimmide (5 3 mg, 46 pjmol 
Aldrich Chemical Company) The solution was stined for 20 mm at which rime carboxyhc 
acid modified microspheres esterified with di^2-meihyM-hydroxy'nTemy!-],3-dioxoiaRe)- 

25 L4~benzene (500 pX) were- added. After 16 hrs, the microspheres were removed by 

centrifugarioii. The supernatant was removed and ths 1 liet was. re upended jo ) mL H2O to 
wash. The microspheres were washed an additional 2 x 1 tnLHaO and suspended in 1ml, 
H2O. The aldehyde content of the microspheres was determined on a 50 pX sample of the 
suspension wife 2,4-dinitrophcnylhydraztne and NaBHsCN. The absorbance measured at 
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349 nm and fitted against a standard curve indicated ] 8 umoi of aldehyde present in the 
reaction sample 

Attachment of Membrane Active Peptide to Acid Labile Moieties and Lability Studies 
5 of these Systems: 

Example F3) Attachment of a Peptide (Melittm) to the Aldehyde derived from 
Carbosylie Acid Modified Microspheres Esterified with Di-(2-methyi-4-hydroxymeth>'l- 
t,3-dioxobne>-l,4-beH2ene. 

10 To 100 uL of the aldehyde derivaiised microshpere suspension was added 400 pL HjO and 
mehttm (1 mg, 0.4 pmol Minis Corporation). After 12 hrs, NaBH 3 CN (0,6 mg, 9 pmol, 
Aldrich Chemical Company) was added. After 1 hr, the suspension was centrifugated to 
pallatize the microspheres, The supernatant was removed and the pellet was resuspended in 1 
mL H 2 0 to wash. The microspheres were washed an additional 3xlmL H 2 0 and suspended 

IS in ImL H 2 .0. The last wash indicated the presence of active peptide based on red blood ceil 
lysis activity. The sample was washed 1 x 25 mM HEPES, and 1 x «bO. The final wash was 
of peptide based on red blood cell lysis assay. 

Example F4) Blood Lysis Experiment on Melittm Conjugated to Microspheres 
20 via the Di-{2-nie.thyh4-hydroxy methyl-1 3-dioxolaneH ,4-benzene. 

The microspheres were taken up in 1-feO (500 pL) and partitioned into five 100 pL samples. 
Four of the samples were dihited to .1 000 uL with sodium phosphate buffer (100 mM) at pH 
7.5, 6.0, 5.5, and 5.0. Samples were held at 37 °C, spun down, and 1 50 pL aliquots taken at 
30 mm, 60 min, 90 min, and 16 hrs. A portion of each sample (100 pL) was diluted with 
25 sodium phosphate buffer (400 pJL pH 7.5) and added to red blood cells (100 jiL, pH 7 5) 
Red blood ceil lysis was measured after 10 mm by measuring the absorbaace at 541 nm. 
A control sample was also measured in which 100 % of the red blood cells had been lysed 
with melittm alone. 

30 Sample km 

Blood 0.026 

100% lysis I. Ul 

30 ram pH 7.5 0.026 
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30 !fflii pH6,0 


0.326 


30 mm pHS.S 


0.609 


30 min pH 5.0 


0.659 


69 mm pH 7.5 


0.027 


60 min pU 6.0 


0.212 


60 min pH 5.5 


0.526 


60 min pB 5 0 


0.730 


90 min pH 7.5 


0 036 


90mbipH6.0 


0.390 


90 min pH 5,5 


0.640 


90 mm pH 5.0 


0,892 


16hrs pH7.5 


0.065 


16 Sirs pH 6.0 


0.354 


16hrspH5,5 


0.796 


16hrspH5.0 


1.163 



The Mh 100 pX sample was further divided into 25 jiL samples, three of which were diluted 
to 250 jih with sodium phosphate buffer (100 mM) at pH 7.5, 6.0, and 5.0. Be samples 
were held at 37 °C for 30 min, spurt down and ihe supernatant removed, and fesuspencfed in 
20 2.5 M NaCi solution (50 pL) and mixed. After 10 min the microspheres were spun down and 
the supernatant removed. The samples were added to red blood cells (500 uX 5 100 mM) and 
the absorbancs was measured at 54 1 mn. 



Sample 


A 5 4! 


Blood (NaCI wash) 


0.041 


pH 7.5 


0.053 


pH 7.5 mm wash) 


0.087 


pH 6.0 


0.213 


pH 6.0 (NaQ wash) 


0J62 


pH 5.0 


0.685 


pH 5.0 (NaCS wash) 


0.101 
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f'hc ult i licare thai a ; i lie >ndit n the nodifkd eptid is released from the 
smcrosp lere and is a\ ne as indicated by the red Mood 

cdUysis. The results indicate T iiat d,. ' ! lifted j tid 1 n released at pH 7.5. 
Additionally, the lysis activity results indicate the release of modified peptide is rapid stall 
5 acidic pE levels tested <t<30 mm) with slow continual release thereafter, and that more 
modified peptide is released at lower pH {larger red blood cell lysis). Hie results also 
indicate that more modified peptide is released upon washing tlse microsphere with a salt 
solution. 

10 Example F5) Attachment of a Peptide (Melittin) to the Aldehyde Derived from 

Poly-Glutamic Add Partially Esterlfied with »H2-methyl-4-hydroxymethyH ,3- 
dioxola»«)-l,4~beazene. 

To a solution of the aldehyde-poly -glutamic acid compound (1.0 mg, 7.7 pmol) in water {200 
|it) was added melittin (4.0 mg, 1 .4 jttnol) and the reaction mixture was stirred at room 

! 5 temperature. After 1 2 hi s the reaction mixture was divided into two equal portions. One 
sample (100 pX) was dialyzed against 1% ethaaoi in water (2xlL, 12,000-14,000 MWCO) 
and tested utilizing a theoretical yield of I 7mg. To the second portion (100 jiL) was added 
sodium cyanoborcbydride (1 .0 mg, 16 pmoi, Aldrich Chemical Company). The solution was 
stirred at room temperature for 1 hr and then dialyzed gainst water (2x1 L, 12,000-14,000 

'20 MWCO) , The resulting material was utilized assuming a theoretical yield of 1 .7 mg of 
conjugate. 

Lability of Polymers Containing Acid Labile Moieties: 

25 

Example F6) Particle Sizing and Acid Lability of PoIy-L~Lysme/ Kctal Acid of 
Palyvmylphanyl Ketone and Glycerol Ketal Complexes. 

Particle sizing (Brookhaven Instalments Corporation, ZetaPlus Particle Sizer, 190, 532 nm) 
indicated aa effective dimeter of 172 am (40 pg) for the ketai acid. Addition of acetic acid 
30 to a pH of 5 followed by particle sizing indicated a increase in particle size to 84000 ran. 
A poly-L-iysine/ ketal acid (40 ug, 1 :3 charge ratio) sample, indicated a particle size of 142 
nm Addition of ^uit acid { v uL 'Ai £ , indicated an 

effective diameter of 1 970 nm Hits solution was beared at 40 °G. Particle sizing (by a 
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Brookhaven 2x 0*1 ■* r 1 n< < )di ted an efi tive diatn oJ H )Q nra and a 
decrease m particle counts 

Results: The panicle sizer data indicates the loss of particles upon the addition of acetic add 
s to 'the mixtare. 

Example F7) Particle Sizing and Arid Lability of Poiy-L-Lysine/ Ketal from 
Polyvinyl Alcohol and 4-Acetylbutyrk Acid Complexes. 

Particle sizing (Brookhaveo fosttumems Coporation, ZetaPlus Particle Sizer, BO, 532 am) 
10 indicated aa effective diameter of 280 nm (743 keps) for poly-L-iysinc/ ketal from polyvinyl 
alcohol and 4-acelylbutyrie acid complexes (1:3 charge ratio). A poly-L-lysiae sample 
indicated no particle formation. Similarly, a ketal from polyvinyl alcohol and 4-acetyl butyric 
acid sample indicated no particle formation. 

Acetic acid was added to the poly-L-iysine/ ketal from polyvinyl alcohol and 4-acetylb«tyric 
15 acid complex to a pH of 4.5 . Particle sizing (by a Brookhaven ZetaPlus Particle Sizer) 
indicated particles of 100 nm, but at a low count rate (9.2kcps). Results: The particle size 
data indicates the loss of particles upon the addition of acetic acid to the mixtore. 

20 Example F8) Size Exclusion Chromatography and Acid Lability of MC22& 

MC208 (1 .5 mg) was taken up in 50 mM HEPES (0.3 mL, pH 8.5} and passed through a 
Sephadex G50 column (8 cm column, 50 mM HEPES (pH S.5) eluent) and 0,5 mL tractions 
were collected. The absorbance of the fractions was determined at 300 nm. Two additional 
samples (1 .5 mg) were prepared in 50 mM Citrate buffer at pH 2 and. 
25 pH 5 (0.3 mL) and allowed to sit a room temperature for 45 min prior to running on the 
Sephadex G50 column (8 em column, 50 mM HEPES (pH 8.5) eluent). The absorbance of 
the fractioris was deterauhed at 300 run. 



Fraction numbs 


* pHS.3 


pi-15 


pH2 


1 


0.018 


0,040 


0.022 


2 


0.024 


0.0)9 


0,013 


3 


0.019 


0.015 


0.008 


4 


0.028 


0.118 


0,024 


5 


0.287 


0.527 


0.293 
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6 


1.091 


0.693 


0.664 


7 


0.976 


qm$ 


0.715 


8 




1.071 


0,895 


9 


0.907 


1.178 


1.082 


10 


0.944 


1.289 


1.298 


.11 


0.972 


1,296 


1.423 


12 


0.941 


1.212 


1.326 


13 


0.913 


0.924 


1.140 


14 


0.764 


0.640 


1.012 


15 


0.589 


0.457 


0.841 


16 


0.415 


0.264 


0.655 



Results: The column demonstrates that upon incubating the sample under acidic conditions, 
the molecular weight of the polymer is decreased indicating die polymer is labile under acidic 
15 conditions. 

Example ¥9) Add Lability of .MC208. 
A sample of MC208 in dimethyifbnuaraide <20jO,) was divided into four equal samples. To 
each sample was added citrate buffer (100 pJU pH 4) and the resulting samples {final pH of 5) 
20 were incubated at 37X for 1, 4, t, and 24 hrs. The samples were then analyzed by thin layer 
chromatography against a sample not exposed to acidic conditions. 

The results indicated increasing amounts of higher Rf material with increasing time, indicated 
degradation of the polymer 

25 Example F10) Particle Sizing and Acid Lability of pDNA < P CI Luc)/MC208 

Complexes. 

Particle sizing (Brookhaven Instruments Coporation, ZetaPlus Particle Sizer, 190, 532 run) 
indicated an effective diameter of 293 nm (687 keps) for pDNA (25 pg pBNA) / di~(2- 
me%!-4-hydroxymediyi(succiRie semialdehyde ester}-! ; 3-dioxolane)-L4-benzeoe; 1,4- 
30 bis(3-amjnopropy!}-piperaziiie copolymer complexes (1 :3 charge ratio). HO was added to 
the complex to approximately pH 5 and die parade size was measured. Hie reading 
indicated particles with an effective diameter of 1 1 349 nm (120 keps). 
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Results The particie size dam ; i . v. * . >DNA into small particles The 

resold also indicate the loss i > i the addition of HO to the mixture by 
floculation. 

Example G) Kinetics of Cleavage of imim 

Particie Sizing and Acid Lability of pDNA (pCI Lac)/ l s 4-Bis{3- 
amtnopropyllpiperazine Glutarie Dialdehyde Copolymer Complexes. 

To 50 m pDNA in 2 mi. HEPES (25 mM, pH 7.8} was added 135 pg ! ,4-bis(3- 
aminopropyl)piperazine glutarie dialdehyde copolymer. Particle sizing {Brookhaven 
Instruments Coporation, ZetaPlus Particie Sixer, 190, 532 am) indicated ail effective diameter 
of 1 10 am for the complex. A 50 ug pDNA in 2 raL HEPES (25 mM, pH 7.8) sample 
indicated no particie formation. Similarly, a 135 pg l,4-bis(3-amiiiopropy!)pipcrazine 
glutarie dialdehyde copolymer in 2 mL HEPES (25 mM, pH 7.8) sample indicated no particle 
formation. 

Acetic acid was added to the pDNA (pCl Lac)/ l ,4-bis(3-ammopropyl)piperaz!oe giutaric 
dialdehyde copolymer complex, to a pH of 4.5.. Particle sizing indicated particles of 288.S nm, 
and aggregation was observed. 

Results: 1 5 4»Bis<3-aminopropyl)pipera2ine-glataric dialdehyde copolymer condenses pBNA, 
forming small particles. Upon acidification, the particle size increases, and aggregation 
occurs, indicating cleavage of the polymeric imine. 



EXAMPLES 
Hemolysis assay 

A) Lysis of Erythrocytes by the peptides Melittin and KL» and their 
dimethylmaleamic add derivatives as a function of pH. 

The membrane-disruptive- activity of the peptide mclittm and subsequent blocking of 
activity by anionic polymers was measured usmg a red blood cell (RBC) hemolysis assay. 
RBCs were harvested by ccntnt ug i ng ft h< >l e blood for 4 mm. They were washed three times 
with 100 mM dibasic sodium phosphate at the desired pR and ^suspended in the same 
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buffer to yield the initial volume. They were diluted 10 times tan the same buffer, and 200. aL 
of this suspension was used for each rube. This yields iO A S RBCs per tube. Each tube 
contained $00 uL of buffer, 200 uL of the RBC suspension, and the peptide wife or without 
polymer. Each sample was then repeated to verify reproducibility. The tubes were incubated 
5 for 30 minutes in a 37 C water bath. They were spun for 5 min ai Ml speed in the 

micmccnttfuge. Lysis was determined by measuring die absorbance of the supernatant at 54 1 
ran, reflecting the amount of hemoglobin that had been released into Ac supernatant Percent 
hemolysis was calculated assuming 100% lysis to be measured by the hemoglobin released 
by the red blood cells in water, controls of RBCs in buffer with no peptide were also run. 

to 

Peptide Percent Hemolysis 



pH 5.4 pH 7.5 

Ksmodifiejiggayjag 

KU 556,77,86 54,77,54 

Meiittin 85 92 



!ra;deami< Deny ttiyes 

KU 30, 55,26 8,3,2 

Melittin 100 1 



Syeanyl Den.' ; fiys - 

KLj 2,2,2 1,1,2 

Melittin 5 2 



B) Lysis of Erythrocytes by Poly Propacrylk Acid and subsequent blocking 
of activity by cationic polymers with reversible blocking of activity with cleavable 
i S disulfide cations in the presence of Glutathione, 

"Hie pH-dependcnt membrane-disruptive activity of the PPAAc and subsequent 
blocking of activity by cationic polymers was measured using a red blood cell {RBC) 
hemolysis assay. RBCs were harvested by centrifuging whole blood for 4 min. They were 
washed three times with 100 mM dibasic sodium phosphate at the desired pH, and 
20 resnspended is the- same buffer to yield the initial volume. They were diluted 1 0 times in the 
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same buffer, and 200 L of this sus] msion was used for each tube. This yields S0 A S RBCs per 
tube. Each tube contained 800 L of buffer, 200 L of the RBC suspension, and the polymer. 
Each sample was done in triplicate, and was then repeated to verify reproducibility, the tubes 
were incubated for an hoar and a half in a 37 C water bath. They were spun for 5 min at &li 
speed in the raicrocentifuge. Lysis was determined by measuring the absorbance of the 
supernatant at 541 nm, reflecting the amount of hemoglobin which had been released into the 
supernatant. Percent hemolysis was calculated assuming 1 00% lysis to he measured by the 
hemoglobin released by the red blood cells in water, controls of RBCs in buffer with no 
polymer were also ran. 



Results at pH6.0 : 

Mock: 3% 

PPAAc: n% 

PPAAc+p-i-Lysine 3% 

PPAAe+p-L-Lysuie w/ImM Glutathione 2% 
PPAAcf5,5'-Dithiobis(2-nitrobe«2oic acid) - 

l,4-Bis(3-£tminopropyl)ptperazine Copolymer 12% 
PPAAe*5,5 f -Dithiobis{2-nitroben2oic acid) ~ 

I t 4«Bis(3-aminopropyl)ptperaane Copolymer w/lmM Glutathione 98% 

PPAAc* L-eystine - L4-bis(3-aminopropyi)piperazine copolymer 2% 
PPAAc* L-cystine ~ l,44>is(3-aminopropy!}piperazme copolymer 

w/lmM Glutathione 20% 



€} Lysis of Erythrocytes by the peptide Metittbt or KL3 and subsequent 
blocking of activity by anionic polymers or modification with 
dimethylmakic anhydride. 

The membrane-disruptive activity of the peptide roelittixi and subsequent blocking of 
activity by anionic polymers was measured using a red blood eel! (RBC) hemolysis assay. 
RBCs were harvested by centrifuging whole blood for 4 mm. They were washed three rimes 
with 100 tuM dibasic sodium phosphate at the desired pE, and resuspended in the same 
buffer to yield the initial volume. They were diluted 10 times in the same buffer, and 200 uL 
of this suspension was used for each tube, This yields f 0 A & RBCs per tube. Each tube 
contained 800 oL of buffer, 200 uL of die RBC suspension, and the peptide with or without 
polymer. Each sample was then repeated to verify reproducibility. The tubes were incubated 
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for 30 minutes iaa3?C water bath . They were span for 5 mm at .fall speed in the 
mtcrocentinige. Lysis was determined by measuring the absorbanee of fee supernatant at 541 
am, reflecting the amount of h - z ! ne supernatant Percent 

hemolysis was calculated assuming 100% lysis to be measured by the hemoglobin released 
by the red blood cells in water; controls of RBCs in buffer with no peptide were aiso run 



Results at pH 7.5. 

Mock: J% 

Melitta 100% 

Melittin * pAcryfic Acid 9% 

DM-Melittm 1% 

DM-Melittm post incubation at pH4 30 seconds 1 00% 

KL3 u% 

DM-KL3 4% 

DM-KL3 post iacubation at pH 5.4 30 seconds 85% 



EXAMPLE 6 
Endosarae Lysis 

Endosome Disruption Assay:with Dime%lmateamie-modified melittin. 

He-La cells were plated in 6-wel! tissue culture dishes containing microscope slide 
coversiips and grown in Delbccco's Modified Eagle's Medium (DMEM) + 10% fetal calf 
serum + penn/strep for 24-48 hours until 30-60% confluent. Growth media was aspirated and 
1 ml pre-heatod (37X) serum-free DMEM + 2 mg/ml fluorescein isothiocyanate (FlTC) 
labeled dextras(lQkDa) ± 50 pg DM-melittm or 50 pg meiittm was added to the cells and 
incubated at 37°C m a humidified CO2 incubator After 25 mm, media containing FJTC- 
destran ± meisttm was removed, the cells were washed twice with 1 ml 37'C DMEM lacking 
FITC-dextxan and melittin, and cells were incubated for an additional 35 rain, at 37°C in 1 ml 
fresh DMEM. in order to assess possible ceil lysis caused by melittin, propidiora iodide was 
added for die final .5 mm of incubation. Propidmm iodide is impermeable to the cell plasma 
.membrane and thus does not stain live cells. However, if the plasma membrane has been 
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damaged, propidium iodide enters the cc-ii where it will brightly stain die nucleus, To process 

i' were led ih coid phos| * ' ' i s > i I 8S f 

fixed in PBS + 4% formaldehyde for 20-30 mm at 4°C, and washed again 3 times with cold 
PBS. Excess liquid was drained from coverslips which were then mounted onto glass slides. 

5 Fluorescence was then analyzed on a Zeiss LSM.5 10 con&caJ microscope. FITC was excited 
by a 488nm argon laser and fluorescence emission was detected by a long pass 505nm filter. 
FITC-dexttan that had been internalized but not released from internal vesieles/endosomes 
appeared as a punctate cytoplasmic signal. In tiie presence of DM-melhtm, a loss of punctate 
cytoplasmic signal was observed with a concomitant appearance of a diffuse cytoplasmic 

JO signal indicative of release of dextran from endosoraes. For cells incubated with unmodified 
mehttin near 100% cell death was observed as determined by propidium iodide staining of 
nuclei and loss of cells from the sample. 



EXAMPLE 7 

In Viva Circulation Studies 

General procedure for the reaction of poly-L-Lysine compacted DNA particles polyethylene 
20 glycol methyl ether 2-propionic-3-methylmaieate (CDM-PEG) - 

Plasmid DMA {200pg/m!) in 290mM Glucose/5mM Hepes pHS was compacted with poly-L- 
Lysine (ntw: 52,000) (I44p.g/ml). this particle is then reacted with 0.5, L 2 or 5-fold weight 
excess of CDM-PEG to amines on the poly-L-lysine. 

25 Effect of CDM-PEG modified poly-L-iysinetDNA particles in vivo. 

Plasmid DNA labeled with Cy3 Label IT/Mims Corporation, Madison, WI) was compacted 
into a particle with a 1 .2 fold charge excess of poly-L-lysine <raw:52,00O). The particles 
were then reacted with either a non-reactive Polyethylene Glycol (mw: 5000) or with amine- 
reactive CDM-PEG at a 0.5 molar equivalent to amines on the poly-L-lysine. 5Dpg aliqaots 

30 of DNA were injected into the tail vein of male ICR mice of approximately 20 grams in 
weight. Blood was taken at one hour and the smears were inspected for Cy3 fluorescence 
still in circulation. The animals were then sacrificed and the liver, long, kidney and spleen 
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were harvested and soap frozen 01 ryose j mn% i c the t ultmg she > were m pe tedfot 
Cy3 fluorescence. 

Results: 

5 

The animal injected with the fluorescent particles treated with non-reactive Polyethylene 
Glycol showed no fluorescence in circulation in the blood at one hour and vers' little 
fluorescence in the liver, kidney or spleen, leaving the significant portion of fluorescence in 
the lung. The animal in jected with the fluorescent particles treated with CBM-PEG showed a 
10 high level of fluorescence still in circulation in the blood at one hour and also had a high level 
of fluorescence evenly spread throughout the liver, some spread in the kidney and spleen, 
with little fluorescence in die lung. 



Various compounds which may be utilized in the system provided: 
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10 

Various modifications and variations of the described method and system of the invention 
wsii be apparent to those skilled in the ari without departing from the scope and spirit of the 
invention. Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be unduly 
IS limited to such specific embodiments, indeed, various modifications of the described modes 
for carrying out the invention which are obvious to those skilled in ce!J biology; chemistry, 
molecular biology, biochemistry or related fields am intended to he within the scope of the 
following claims, 
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A process for delivering a nucleic- acid to a eel), comprising: 

a) attaching a labile linkage to a membrane-active compound; 

b) adding the membrane-active compound to a solution containing the nucleic 
acid; 

c) introducing the membrane -aeth c compound and nucleic acid to a eel); and, 

d) transfecting the ceil . 

The process of claim I wherein the labile linkage is selected from the group 
consisting fpH-labile verx pH-iabiie and extremely pH-iabiie. 

The process of claim I wherein the labile linkage is selected from the group 
consisting of disulfide, aeetaL ketai enol ether, enol ester, am ide, inline, imminium, 
enarame, siSyl ether, silazane, and silyl enol ether bonds 

The process of claim 2 wherein the labile linkage is selected from the group 
consisting of diols, diazo, ester, sulfone, and silicon-carbon bonds. 

The process of claim I wherein the membrane active compound consists of a 
polymer. 

The process of claim 5 wherein the polymer consists of a peptide. 

The process of claim 6 wherein the peptide consists of melittin. 

Hie process of claim 6 wherein the peptide consists of KL3. 

The process of claim 6 wherein the peptide consists of pardaxin. 

The process of claim 1 further comprising a polymer in the solution. 

The process of claim 10 wherem die polymer is attached to the membrane-active 
compound by die labile linkage. 

The process of claim 1 1 wherein the polymer inhibits the membrane-active 
compound. 

A process for delivering a nucleic acid to a cell comprising: 

a) attaching a labile linkage to a polymer for linking to a molecule; 

b) adding the polymer to a solution containing die nucleic acid; 

c) introducing the polymer and nucleic acid to a cell; and, 
d.) transfecting die eel! . 

The process of claim 13 wherein the labile linkage is selected from the group 
consisting of pH-labiie, very pH-iabiie and extremely pH-iabiie, 
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15, The process of claim 13 wherein the khil linkage 1 ... -d from the group 
consist! i i i mminium 
enamine, siiaaaae, silyl ether, and silyl enol ether bonds. 

16. The process of claim 14 wherein the labile linkage is selected from the gronp 
consisting of diols, diazo, ester, sulfone, and silicon-carbon bonds. 

17 The process of claim 13 further comprising a labile linkage between a membrane 
active compound and the polymer . 

18 . The process of claim 17 wherein the polymer consists of a peptide. 

1 9. The process of claim 1 8 wherein She peptide consists of meiiltin. 

20. The process of claim IS wherein tire peptide consists of KL3. 

21. The process of claim i 8 wherein the peptide consi sts of pardaxin. 

22. The process of claim B further comprising a membrane-active compound in the 
solution. 

23 . The process of claim 22 wherein the polymer i s attached to the membrane-active 
compound by the labile linkage. 

24. A complex for delivering a nucleic acid to a ceil, comprising; 

a) a membrane-active compound; 

b) apoijiner, and, 
o) tlie nucleic acid. 

25 Tlxe complex of claim 24 wherein the membrane-active compound contains a labile 
linkage. 

26 The complex of claim 24 wherein the polymer contains a labile linkage . 

27. The complex of claim 25 wherein the polymer is attached to the membrane-active 
compound by the labile linkage. 

2.8. The complex of claim 24 wherein the polymer inhibits the membrane-active 
compound, 

29. The process of claim 24 wherein tlie labile linkage is selected from the group 
consisting ofpH-'iabile, very pH-kbife and extremely pH-labile. 

30. The process of claim 24 whe rein the labile linkage is selected from the group 
consisting of disulfide, aceial. ketaL enol ether, enol ester, amide, iraine, immmium, 
enamine, silyl ether, sdazane, and silyl enol ether bonds. 

33 . The process of claim 29 wherein the labile linkage is selected from the group 
consisting of diois, diazo, ester, sulfone, and silicon-carbon bonds. 
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32. A procv t rd iivenng nudesc acids to a cell comprising: 

a) fonrnng a labile linkage between two compounds to form a complex 
containing nucleic acid: 

b) delivering the complex to the cell; 

c) removing the labile linkage; and, 

d) transfecting the celi. 

33 The process of claim 32 wherein the labile linkage is selected from the group 
consisting of pfi-iabde. very pH-labiie and extremely pH-labiSe. 

34, The process of claim 33 whensm the compounds are selected from the group 

consisting of polymers, amphipathic compounds, membrane-active compounds, 
nucleic acids, lipids, and liposomes. 
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